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Early human preimplantation development in vitro 




Human morula 
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Different early embryonic species resemble each other 

(large head, pharyngeal arches, and tail) 




HUMAN SHEEP F*FQ CHICK 



Gli stadi embrionali rivelano uno stretto rapporto evolutivo tra i vertebrati 
(sorprendenti analogie anatomiche = discendenza da antenati comuni, che 
possedevano geni preposti allo sviluppo di branchie e code ) 



ZIGOTE 

Ovocito fecondato 
MORULA 

8-16 cellule libere tra loro (blastomeri), 2-4 giorni post fertilizzazione 
BLASTOCISTI 

Circa 100 cellule , 5-6 giorni post fertilizzazione - Poche cellule (ESC) sono ancora immortali 
(3-4). Termina la fase pre-impianto: annidamento (inizio della gravidanza clinica) 

PRE- EMBRIONE 

Giorni 0-14 post -fertilizzazione: cellule totipotenti, manca individualità (gemellazione) 
EMBRIONE 

Dal giorno 14 sino a fine 8a settimana. Tutti gli abbozzi di organi e tessuti sono iniziati 
(organogenesi). Solo cuore e circolazione funzionano; dita palmate, coda tronca 

FETO 

Dall'inizio della 9a s.g. alla nascita 

Rapida differenziazione e crescila di organi (che diventano funzionanti); 
crescita e aumento di peso 




Fino a 3-4 GIORNI DOPO FECONDAZIONE 

(zigote e blastomeri della morula) 
può dare origine ad un individuo completo: 

CAPACITÀ MORFOGENETICA 



illimitata capacità moltiplicativa e proliferativa 

IMMORTALITÀ CELLULARE 



può differenziarsi in tutti i tipi cellulari: 

CAPACITÀ DIFFERENZI ATI VA 





CELLULE STAMINALI 

pluripotenti 



da 4 a 6 GIORNI DALLA FECONDAZIONE 

(cellule staminali embrionali: blastocisti ) 

NON PIÙ' CAPACE di dare origine ad un individuo 
completo: capacità morfogenetica PERDUTA 

illimitata capacità moltiplicativa e proliferativa: 
immortalità cellulare MANTENUTA 



può differenziarsi in tutti i tipi cellulari: 
capacità differenziativa MANTENUTA 



CELLULE STAMINALI 

multipotenti ( adulte o somatiche 



• da -10 a 16 GIORNI DALLA FECONDAZIONE 

(cellule staminali fetali, neonatali, del cordone, adulte) 

NON PIÙ' CAPACE di dare origine ad un individuo 
completo: capacità morfogenetica PERDUTA 

NON PIÙ' CAPACE di illimitata capacità moltiplicativa 
e proliferativa: immortalità cellulare PERDUTA 

può differenziarsi in tutti i tipi cellulari: 
capacità differenziativa MANTENUTA 



• C.S. EMBRIONALI 



C.S. FETALI (?) 



da liquido amniotico (Jan 2007) 



C.S. "ADULTE" (SOMATICHE) 



(neonatali, cordonali, da tessuti ecc.) 




riammali nel liquido amniotico 
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Isolation of amniotic stem celi lines with 
for therapy 

PìlliLl» Dl j Cwppi 3,3 , <*tMNq> BiirlHih, Jr ] ^, M MLuhiLj SllLlLli{jl ] , Tuln Xli ] , C^sar C S u. caL ln h 3 , La. uni Plt lei ] , 
CijhLìivo MiNHLiNHliivHkv 2 . Àcij^L'L Lei l j C Slt rt?> Evdn Y Snydkrr 2 , Jucnes J Ylhn 3 , Mark E Furiti 3 , Sha.y SiNk-LT 3 £k 
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Sterri cells capatale of differentiating to multiple lineages may be vaJuable for therapy. We report the isolation of human and rodent 
amniotic flu id-derived stem [AF5J cells that express embryonic and adult stem celi markers. Undifferentiated AFS cells ex pand 
extensively wrthout feeders, doublé in 3& h and are not tumorigenic. Lines maintained for over 250 population doublings retai ned 
long telo™ re 5 and -a norma I karyotype. AFS cells are broadly multi potè nt. Clonai human lines verrhed by ne tr evirai marking werc 
induced to differentiate into celi types representi ng each embryonic germ la ver, including cells of adipogenic, osteogenic, myogenic 
endothelial, neuronal and he patte lineages. Examples of drff ere ntiated cells derived from human AFS cells and di spiavi ng speciali - 
zed functions include neuronal lineage cells secreti ng the neurotransmitter L-gl ut amate or espressi r^ G-p rotei n-gated inwardly 
rectifying potassium channels, hepatic lineage cells producing urea, and osteogenic lineage cells for ming tissue-engineered bone. 



La scoperta degli scienziati 

Annuncio dagli Usa: 
cellule staminali 
nel liquido amniotico 



MILANO — Nel liquido amniotico 
si trovano cellule staminali embrio- 
nali. La scoperta, dovuta a scienzia- 
ti dell'università di Harvard e di 
Wake Forest, potrebbe far supera- 
re i conflitti etici sull'uso delle sta- 
minali. ■ A pagina 1 9 Pappagallo 



le Conseguenze 
per l'Etica 

di EDOARDO BONCINELLI 

Cellule staminali dal liqui- 
do amniotico? Sembra pro- 
prio Vuovo di Colombo. Tutti 
sapevamo che nel liquido am- 
niotico ci sono molte cellule 
dello stesso tipo di quelle dell 
embrione e Vanalisi genetica 
eseguita ormai quasi di routi- 
ne dopo Vamniocentesi utiliz- 
za proprio queste cellule per 
verificare l'assetto cromoso- 
mico e genetico del nascituro. 

" CONTINUA A PAGINA 19 



CELLULE STAMINALI DA 
LIQUIDO AMNIOTICO 



Sembra abbiano proprietà intermedie tra CSE e CSA g 
(necessari ulteriori studi) 



- Questi risultati devono comunque essere 
riconfermati e riprodotti sperimentalmente 



- Non sono un'alternativa o un sostituto alle CSE 
(le uniche vere pluripotenti ) 
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encani 
ha mio ottenuto 
questo risultato 
da prel ìevi routinari. 
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- Rischio di perdita fetale da amniocentesi = 1% 



•EMBRIONI (BLASTOCISTI) DOPO F.I.V. 

•EMBRIONI DOPO S.C.N.T. NB: fonte non fisiologica 

(TRAPIANTO NUCLEARE) 
•FETI ABORTITI 

•SANGUE OMBELICALE ALLA NASCITA 
•TESSUTI DELL'ADULTO 



Cellule Staminali 



da stamen, filo della vita 
Sono cellule il cui destino non è ancora deciso... 

indifferenziate, in grado di automantenersi 
illimitatamente 

in grado di originare tutti i tipi di cellule diverse e mature 
dell'organismo (>200), attraverso un processo 
denominato differenziamento 

in grado di comparire sui media prima che su riviste 
scientifiche 



CELLULE STAMINALI 



FETALI!!!! 



EMBRIONALI! ! 



ADULTE!!!! 




Cellule staminali: breve cronistoria 



-1961: "scopertele cs emopoietiche (ematologi) 
-1981: isolate cse (ES) di topo 

-1986: gene targeting su cellule ES (topi KO) (vd Nobel 2007 M.Capecchi) 
-1998: prime linee cellulari di cse umane (hESC) (Thomson) 

-1998: identificate cs nel cervello umano 

-2006: iPS (induced pluripotent stem cells) nel topo 
-2007: iPS nell'uomo (vettori virali) 

-2008: Science: "Reprogramming Cells" Breakthrough of the year 
-2009: "virus-free" iPS cells nell'uomo 



LA PRIMA VOLTA DELLE CELLULE STAMINALI 
EMBRIONALI UMANE 



Reports 



Embryonic Stem Celi Lines 
Derived from Human 



Blastocysts 



James A. Thomson,* 

Mk h*ll* A, Waknftz, 




cph It scoviti -E ldor r Sondar S. Shuipiro, 
jGnrìilfùr j. Swiitfgìcl, Vi vi enne S. Marshall, 
Jeffrcy N Jornn 





Science, 1998 



1997 Dolly!!! 

La pecora più famosa della storia 
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27Februaryl997 A International weekly journal of sdence 
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A f lock òf tlones 



Extrasolar planets Fading from view 

Climate cycles Eccentridty finds a role 
Archaeology Hunting 400,000 years ago 




New on the market 

Genetics 



Viable offspring derived from 
fetal and aduli mammalian 
cells 

1. Wilmut, A, E, Schnieke-, J. McWMr, A. I, Kind 
& K. H. S- Campbell 

Rottiti Instante {Edinburgh)* RùsIì», \fidhthiart EH25 9PS, UK 
' PPL ThempcMÌcs, Roslin, MMioihitì?t EH25 9PP, UK 



Fertili /[ition «of mammalian e^gs is followed hy successive celi 
ili visi ons and progressive differentiatio^ first in lo the early 
embryo and subsequently Ulto ali of the celi fypes thaT m&ke up 
the ad ult animai. Transfer of a single nudeus at a speci fic stage of 
dcvelopment. to an enucleated unfertilized egg, provided an 
opporturiity to investigale ivhethcr tdlular diffcremialLOit Lo 
ihat stage involved irreversible genttic modificaTton. The first 
offspring to develop from a differentiated celi were barn after 
nuckar transfer from an ernbryo-derìved celi line that had been 
tndiiced to become quiesccnt 1 . Using the sante procedure, v/e now 
report the birth of live lambs from three new celi populatiorts 
est ah li shed from aclult mani ma ry glande fetus and embryo. The 
fact that a lamb was derived from an adult celi confìrms that 

differenza tion of that celi did not involvc the irrcvcrsible mod- 
ificatimi of ^tnìtin tu ut erial required for d^velftpment tet tenti. 

The birth of lambs from differentiated fetal and adult cells also 
reinforces previùuG spcculatiun 1 3 ihi.it by induting ddnor cells to 
become qmescent it will be possible to obtatn normal develop- 
ment from a ivi de variety of differentiated cell s. 

lt has long been known thaT in amphibians> nuclei transferred 
from adult keratinocytes established in culture support develop- 

ment to the ju veni k\ tadpole stage \ ÀlLhough ibis involves differ- 
entiation into complex tissues and organa no development to the 
aclult stage was reporteci, leaving open the question of whether a 
differentiated adult nuckus can be fully reprngrammed. Previo uisiy 
we reported the birth of live lambs after nuclear transfer troni 
culturtd embryonic cella that had been indueed into quiescente. We 
suggested that inducing the donor celi to exit the grtwtli phase 



NATURE I VDL M-Sl 27 FEBRLURY 1997 



A CLONAZIONE TERAPEUTICA 

NELL'UOMO 




S^fiuCic teli 

biopsy i 
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Somatic Celi 
Nuclear Transfer 
SCNT 




H*rnniupij|«[|c CunliRiHiipHi-cvctifL 



N^iiai ari* 




I mmiPnclO'^i-CiLlEy' 
C4inTp.ntit?k- 
Tl-irrtplant 



Nature Medicine, 1999 



CELLULE STAMINALI 

embrionali 



• ETEROLOGHE 

da embrioni congelati sovrannumerari 
( NON immunocompatibili) 

• AUTOLOGHE 

dopo trapianto nucleare somatico (clonazione terapeutica) 
(immunocompatibili) — — 3 



C'era una volta 



Il punto d'avvio dell'epopea delle staminali adulte va fatto risalire al 1999, quando 
viene pubblicato su Science un articolo dal titolo promettente per la ricerca sulle 
cellule staminali: "Trasformare il cervello in sangue: un destino ematopoietico per le 
cellule staminali neuronali adulte in vivo". Autore di riferimento: Angelo Vescovi , del 
San Raffaele di Milano, e testimonial prò astensione nella campagna referendaria. 

Il lavoro racconta di un esperimento effettuato sui topi: cellule staminali del 
cervello trapiantate in un topo irradiato (per ucciderne le cellule del sangue e 
favorire l'attecchimento di nuove cellule) si trasformano in linfociti B, linfociti Te 
cellule mieloidi in grande quantità, anche fino al 30%. La capacità di "ripopolare" il 
tessuto danneggiato è simile a quella ottenuta dopo trapianto con cellule del midollo. 
Questo risultato suggerisce che cellule staminali adulte (del cervello) hanno la 
capacità di transdifferenziare, in altre parole di produrre cellule d'altri tessuti (del 
sangue). 

Una notizia rivoluzionaria perché smentisce un dogma fondamentale 
dell'embriologia: durante lo sviluppo dell'embrione si formano tre foglietti, da 
ciascuno dei quali poi si produrranno cellule con destini molto diversi. Non era mai 
accaduto che una cellula prodotta da un foglietto "saltasse" il confine embrionale, 
per produrne una di un tessuto d'origine diversa. 



Turning Brain into Blood: A 
Hernatopoietic Fate Adopted by 
Adult Neural Sferri CeLls in Vivo 

Christopher R. R. Bjc-mic-n,,* tj Rodney L. Rieti e p *§ 
Brent A, Reynolds, M. Cristina M^gli p Angelo L. Vescovi J; 

Gennaio 1999 Voi. 283 SCIENCE 



Cellule del SNC diventano cellule del sangue (?) 
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Irraggiamento 
lesione 





muscolare 



Cellule 




cerebrali 





Conversione 
di cellule 
cerebrali 

in cellule 

muscolari 




Diversi laboratori tentano, senza successo, di ripetere l'esperimento di AV e nel 

febbraio 2002 su Nature Medicine il gruppo di Derek van der Kooy lo smentisce 
sostenendo che la transdifferenziazione, se esiste, è una proprietà assai rara. 
Infatti nel ripetere gli esperimenti pubblicati su Science non si ottengono i risultati 
di Vescovi. 

Le ipotesi sono che il lavoro fosse inficiato da artefatti tecnici, oppure da 
caratteristiche particolari acquisite dalle cellule usate nel primo esperimento e non 
presenti in quelle usate dal gruppo di van der Kooy. Infatti i due gruppi, come molti 
altri, definiscono "cellule staminali del cervello" quella che in realtà è una 
neurosfera, una massa eterogenea di cellule nella quale non è chiaro se e quante 
staminali vi siano, né quale sia la loro reale natura 

E chiaro solo che queste cellule sono instabili nel tempo, spesso finiscono con 
produrre soprattutto glia e non neuroni quando sottoposte a protocolli di 
differenziamento verso il tessuto nervoso. 
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Nat Medicine March 2002 



Hematopoietic competence is a rare propert v of neural stem 
cells that may depend on genetic and epigenetic alterations 



Ondi M. Morshead 1 , Patricia Ben veniste 3 , Norman N. I scove 3 & Derek vander Kooy 2 

1 Department of Stugery, ^Department of Anatoniy and Ceil Blology, 3 The Ontario Cancer Imitiate and Department 

of Medicai Btopfoysics, University of Toronto, Toronto, Ontario, Canada 
N.NJ* ami D.v.ìLK, catitrfbut&l eqttalty to thts study. 
Correspofìdence shoitid te addressed to C.M.M.; email: clndl.n ìorsUead&utomi ito. ai 

The concept of stem -celi plasticity received strong support from a recent observation that ex- 
tensively passaged, clonally cleri ved neural stem cells cernici conti ibute to hematopoiesis. We in- 
vestigated whether hematopoietic potenti a I was a consistent or un usuai feature of neural stem 
cells, and whether it depend ed on the extent of in vitro passaging before transplantation. Here 
we transplanted over 128 x IO 6 neurosphere cells into 128 host a nini a Is; however, we never ob- 
sei ved conti ibution to hematopoiesis, il respective of the n uni bei of passages and despite the 
use of an assay that could detect the contr ibution of a single blood stem celi to hematopoietic 
repo pillati on. Although extensively cultured neurosphere cells continued to generate neural 
progeny, ma ih ed changes in their growth properties oc cu ir ed, including changes in gì owth-fac- 
tor dependence, cell-cycle k in et ics, celi adhesion and gene expression. Qui resulti exclude 
hematopoietic competence as a consistent prò per ty of intravenously infused neural stem cells. 
However, the consistent changes that occhi i ed dui ing extended passaging are compatible with 
genetic or epigenetic alterations and suggest that rare transformation events may account for 
the neural-to blood fate switch originally reported. 



Stem cells in adult tìssues, while gene rally displaying the capacìty 
to dìffe rentìate into multiple celi types, have been thought to be re- 
stricted to generating celi types found in their Ussite of origin. 
However, there is increasing evidence that neural stem cells can 
show plasticity and have the abìlìty to generate cells of ali of the 
germ iavers 1 " 1 . There are indica tìons that stem-cell nomila tìons 



depended on extended passage fup to 35 times) of the neural stem 
cells prìor to transplantation, and possibly on accompanying ge- 
netic or epigenetic change 12-15 . This hypothesìs predìcted that 
neural stem-cell growth properties would observably alter with 
passage, but that hematopoietic capacìty would only rarely be 
seen because the necessarv s peci He aenetic alterations co uld onlv 



Tra i due gruppi si sviluppa 

una polemica sulle tecniche, 

pubblicata su 
Nature Medicine nel 
giugno del 2002. 



EETTERS TO THE EDI I OR 



Hematopoietic potential of neural stem cells 



To the etiltor—ln the rebruary 2002 Issue 
of Nature Mediane, Morshead et al. re- 
|K)rt the inablllty to generate hematopoi- 
etic progeny frani neural stem cells 
(NSCs), ralsing several issues that must 
lx* addressed to avoid mislnterpretation , 
Speciftcally, although they were pur- 
portrd to he identical. a number of sub- 
stantia! devtattom exlst between this 
study and our experimerit» showtng the 
neurohemalopotctic potential of NSCs 
(ref. 2). The functinnal rharacieristlcs of 
the NSC cultures descrlbed by Morshead 
et al. show that the cells that they used 
.in unhke .iiiy known NSt , particularly 
Illuse liuti in '>ur transdlllelrilliatlon ex 
priimeuts' Illese aulhors' cultures bc- 
come consistently transformed, a 
property that we ami other» bave never 
ot>served Neil ber human uor uioiis*- 
NSCs undergo transformatton wlth p.is 
saglng, bui rather exhibit growth bitta» 
dependency, unaltered gtowth Mnetlcs 
.imi pniiiipt dlfferentlatlon upon gtowth 
lai tur wlthdrawal over lime'*, 
iurthermore, Morshead et al. rejxirt tbal 
"less than 1% ol the cells composlng ari 
Individuai neiirosphcre are NSCs," 
whlch ls far bclow the dinnil standard 
in tlils system: front 8% (post natali to 
over 20% (embrynnlc)**, llius, 
Morshead et al. in|ecled at least 20 tlmes 
fewer NS< \ Ih. in iti dui study. uslugpnp 
ulatloMs of NSCs that dlsplayed allered 
grawth and dlfferentlatlon capaci ty. 
Moreover, a» lloted by Illese aulhors, 
"iransfotmed, aggresslvely gnm'lng cells 
would progresslvely eliminate non-trans- 
formili cells," fnrthet c.s.ii rrhating Ihen 
NSC deflclency. Kventually, the cmnhi 
nation ot low NSt number and signifi- 
cali! transformatlon found In the 
Morshead et al. cuilures would lead to 
dir I rampi. mutimi of a negligthlr num- 
ber of NSCs These authors' use of a high 
sensltivlty method to detect hematopot- 
etic cngraltmcnt canno! |x>ssibly com- 
pensate for such severe deficiency, 
l>articularly sirice the kJnetlt parameters 
that apply lo engraftment in standard re- 
popul.itiou ex|M'riments witli hlmxl stem 
cells canno! be extrapolated to the ditfer- 
ent phenonienon llial ls ihe obfect of 
these studies, namely the exprcssion of 
an hematopoietic fate by NSCs. 

So far, ncuro-hematopoictlc conver- 
sion has been reporled by three indepen- 
dent groups* ? *. In particular, Shlh et al. 
confimi ed the work by Bjomson et al. by 



using human NSCs (ref. 8). Although 
Morshead et al. suggest these results were 
due to hematopoietic contamination, 
closer examlnation of the methods em- 
ployed by Shlh et al. rules out Uiis possi 
bliity hirthermnre. addttinnal studles 
have reported that NSCs transdifferenti- 
ate luto non-hematopoietic mesodermal 
derivativa'. Thus, the ability of NSCs to 
glve rise to non- neural cells should be 
less of a question, particularly in llght of 
the varlety of freshly-lsolated and cul- 
tured somatK slem teli lypcs whlch ap 
pear i apahle of transdifferentlatloii'". 

We suggest that a moie patsimonlous 
conclusimi should fx- drawn from the 
study of Morshead et ai, and subitili llial 
transdlfferentlatlon expeiiments using 
transformed/iransformltig cuilures wilh 
a negliglMe content of NSCs would nec- 
essarily yidd an ex|x*rliiiental outeome 
dlfferent than one using nonna I, highly 
clonogcnlc NSC*. cuilures. The Iatture to 
detect trunsdillrrrtitiallnn even at the 
single celi level ls therciore noi surprls- 
Ing. Whlle weeoneur that hematopoietic 
transdlltcrentlatlnu may tepresent a rare 
property ol NSt s, we suggest that ovving 
lo disparate culture tondilions and ari 
unex|)lained NSC dellciency In Ihe 
Morshead ti ai experlments. It ls Inap- 
propriate to compare this study lo that o< 
B|omson et ai 



Angelo L Véscovi 1 , 
Roti Rikt/k* 

Makia Chini ina Mauij', & 

CURlSroi'HlR B|ORNSON* 

'.Metri < eli Reseanh Invitate. !>IHITII\R. 

WUm. Italy 

'lite Walter ami Mia Hall Instltule of 

Metili «I Heseunh, 

l'arkxille. Vittorio. Australia 

'(.«rullio Naz lanute .Ielle Rlcenhe. Pisa. Italy 

'University of Washington, Seattle, 

Washington. USA 

t'moil \tseavi.anxrln*ffisr il 

Tu the editor Three independent groups 
have prevlously reported that NSCs are 
capatile of differentiating into 
hematopoietic crlls ' in dlsagrccmcnt 
with these previous studies, Morshead et 
al.' report that hematopoietic compe- 
tence is not a propensity of cultured 
NSCs, but a tare property of NSCs that 
may depend on genette and eplgenetic 
alterations. ls there a possible cxplana- 
tlon to reconclling the differences be 



tween the three previous reporls and the 
report by Morshead et ai? Using the 
SCID-hu mouse model, we have reported 
that cultured human NSCs possess In vivo 
hematopoietic potential" Although neu- 
tosphetes from bulk cultures were used, 
extenslve analyses, including a stromal- 
coculture system" 11 that can detect the 
presence of a single hematopoietic celi, 
were performed to rule out the possibil 
lly of contaminati ng hematopoietic cells 
in our NSt' cultures. Our results demon- 
strate ihal cultured human neurosphert 
cells cnmmtt and differentiate into 
hematopoietic stem cells (HSCs) in Intact 
human bone marrow In SCID-hu mite. 
We estimate that one in a humired cul- 
tured human NSt '.s are capable of differ- 
enuating Into HSCs, whlch are 
responslhle for inlttating hematopoietic 
rcmnstitiitlmi in seioudary utlplents 
•>■■■..: il luiiidred Individuai neurospfieres 
have been analyzed in our laboratory for 
their potential to differentiate luto 
neural progeny in vitro, and we have 
never oinervrd a single Individuai neu- 
rosphere that has lost Its ability to gener- 
ate neural progeny in vitto. These results 
suggest that cultured human NSt s that 
possess hemalopolellc potential In vtvo 
have also malnlained iheii NSCs ability 
lo generate neural progeny in vitro, and 
llial they represent a totlpoteilt neurohe 
matopoltilc stelliceli |iopulalton In 
human braln tlssues. 

As the frequency of NSCs In human 
braln tlssues is about O.S-1%, we esti- 
mate that the frequency fot the totlpo 
tent neuroheinatopoietlc siem-cell 
po|nilation in human braln tlssues is 
about I in 1-2 x IO 4 . Our data correlate 
wcll wlth the I9K7. study o» Kart leti et ai' 
that showed neurahematopoletic stem- 
celi popolatimi in aduli mouse braln at 
the same Irequency. In a receni arulysLs 
of muscle dlfferentlatlon potential of 
NSCs by Galli et al.', ali of the elones 
tested were myogenic and one of the 
elones, 2111, was the same used earlier by 
B|ornson ef al. in the hematopoietic 
studir, showlng a multlpotentlal for 
neural, hematopoietic and myogenii po- 
tentials. Analy/.ing blastocyst chimeras 
in chick and mouse embryos generated 
using cultured neurospheres, Clorke ff 
al." have reported that NSC-derived cells 
were reproducibly found in various or- 
gans of the embryo derived from ali 
three gemi layers, with the exception of 
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the hematopoietic system, l'aken ali to- 
gether, these results suggest that cultured 
NS( s are lieterogenous and diete are 
multiple vaiieties of multipotent NSCs 
not only for neural cells but also for mus- 
cle, hematopoietic lineages, and cells in 
other tlssues. Il is distinctly possible that 
various multiple NSCs may exist in dif 
ferenl brani tegioiis cu during various 
stages of development, and they may not 
Ih- equally repiesenled in dillereni ivita 
lion technlques and/ot culture condl- 
tions. It is clearly noticeable (fiat the 
O'Wi tloning efliclency rcixutcd by 
Morshead ef al. is sigmficantly lower 
than tlie 7-20% reported by olher 
groups*'*" including ours, suggesllng 
that the cultured NSCs used by 
Morshead et al. were dif ferenl Irom the 
NSCs used hy others, whlc h iiilght pro- 
vide the bosls lor the dlffeience In thelr 
ability to differentiate luto hematopoi- 
etic lineages. 

Chd-Chih Shih m , Adam Mammak 9 , 
Thomas I i Bon" 1 ** 
S'IlflH). Fdhman' 

'DMslon iti HrnMtobxv/Hone Marnn* 
ìixaispliintatkm 

'DMskm ol Smxrry. t .ity of llopr Nullonol 

\l,;luul i <nt,i 

l 'i l'.iitirn nt ol Molt i olili llloloicy 
hnkmoo krsfaiilt tu\tltutr ol the i lly ol llopt 
'Ik-ftiitmrnl of t'iofrwloruil l'dm otkm 
i Ity of llopr. Innate. ( ollfomla, USA 
fmall. iiMlamuh.orx 



MorslieaJ et al. reply The two princi- 

pal findings of our papcr' were, first, that 
primary neural slem celi properties 
charige with continued passaging in 
vitto, and s<'cond, that transdlfferentia- 
tion of neural stem cells to hematopoi- 
etic cells ls a rare occurrence. We note 
that Vescovi et ai concur in their lette» 
that transdifferenliation is indeed a "rare 
property of neural stem cells." Il ls unfor- 
tunate (bai the Insight was noi high 
lighted more clearly In their originai 
publicatlon'. 

Both letters mentlon that other 
groups have now reported neuro 
hematopoietic conversimi. Wlth rareex- 
ceptions, the publlshed evidente for 
transdifferentiation has been obtained 
troni populations rat bei than iloues 
We would argue that studles examlning 
die transdllleienllation potential of cells 
wlll never be conviti* mg unless thrv are 
doue e lonallv I hr originai i epuri frolli 
lt|otuson et al was powi-rlul h»'causc il 
dici use i lonallv derived neural stem t eli 
sphetes as a starllng populallon 
However, we Interpret thelr example ol 
transdlfferenliallon to he the resili! of a 
r.ue genette or eptgenetk Iraiislorma- 
non dia! on urtiti In culture. Kveu some 
ol the more frequenl examples of trans 
dlfferentlatlon to muscle*'"* are now 
tuspect due to receni report» of celi fu- 
slon events 1 "*. Conclusive demonstra- 
tlou ol multlliueage potential wlll 
vi. iii.iott rlgorous analysh at a donai 
level. 



Itoih lelters suggest Ihat our failure to 
replicate hematopoietic transdifferentia- 
Uon is due to a differente in our starting 
neutal stem celi populations. We re 
poned that less than l%of ali Ihe cells in 
a primary neurosphere are stem cells 
whereav other gmups tepori a IMÓgt dì 
S-19% ,v ". The api>an'nt dlscrepancy is 
easlly explalned by the technical differ- 
ences In atqulring these values: c»ur fre 
quentles were lused on total teli luiinis 
thtough cryosectioned spheres, whilc 
others basiti thelr estlmates on viable 
celi counts after dissociati' n Indeed, 
Crlttl et ai " rtfXNI an average of 50 new 
spheres troni a single neurosphere cllsso 
clation which ls actually less than our 
otiserved numbers of HO-100 new 
spheres, yet they conclude that S'iti of ali 
ucuiosphere cells are stem celi». Mente, 
the Inghet relative fiequenclcs are a le 
sult of underestimating Ihe starting pop- 
tilation of cells within each neurosphere. 

Moie sigiiltltantly, we showed tbal 
neural stem teli Irequencles wilhin 
spheres tntrease wlth passage, and ol) 
serviti Irequencles as high as 1 7% in 
spheres cultuted to the exlenl used by 
iqomsou ef al However, c-ven i»ur ex- 
leuslvelv pass.iged spheres, lontalnlng 
sti lli cells al relalively high ftitpieru le», 
falled lo vieti! bemalopoietic cells aftet 
iniettimi mio mite Vescovi et al. pro- 
|xise that, "evenlually, the coriihlnatloii 
of low NSC numbei and slgnlllianl 
Ir.instomi.iliou found In Ihe Moislie.nl et 
ai cultures would lead to thr transplan- 
tatlon of a negligible number of NSCs." 
tlils statement is Iticotreit. i.ven at stelli- 
celi irequencles of 0.5%, mite Irans- 
platitttl wlth I x IO* celi» recelved 5,0(X) 
neural stem cells each. We thoroughly 
testiti rMrnsivrlv passaged cells as well 
Illese were never obscrvrd to lose ttitin- 
eage neui.it diffeienttallon tapatlty, and 
mlce Injccted wlth 1x10* cells tecclved 
tip to 170,000 neural stem cells each. 
Ullimately, we screened a total of 1 2 mil- 
lion neural stem cells wlthout wltnessing 
a single instante of hematopoietic reton- 
stltutlon. 

Given that lite (orres|xindenLs and 
ourselves are in agreement that 
hematopoietic tTansdifferentiatimi of , 
neural stem cells ls rare, the key reniain- 
Ing question is whether such rare events 
occur spontaneously or whether they de- 
pend on transfonnations in culture. 

Cinoi M. Morshead', 
Dfrkk van t>KK Kcxìvr & 
Norman N. Iscove j 
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...Nel frattempo un altro articolo autorevole (Clarke 
et al., Sc\er\ce 2000) afferma che le stesse cellule 

proliferanti, estratte da cervello e trapiantate in una 
blastocisti di topo, contribuiscono a creare tutti i 

tessuti, a eccezione di uno: il sangue . 

Proprio il tessuto che invece sarebbe stato prodotto 

nell'esperimento del 1999 II! 
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GeneraLized Potential of Àdult 

Neural Sterri CeLLs 

Diana L Qarke ,' CUs B. Johanssiffi, 1,1 Johannes Wilb^rtz, 1 

Biborka Veress, 1 Erik Nissan, 1 HeUna KarbtrOm, 1 

Urfran Lenttah!, 1 Jcnas Frisén 1 * 

The differentiation potential of sterri celb in tissues of the adult has been 

thoughtto be linirted to celi Uneages prese nt in the organ fronrì which they were 

derrved, butthene \s evidence that E-ome stem celli may have a broader dif- 
fenentiation repertoire. We show here that neural sterri celi e: from the adult 

mouse brain can contri bute to the formation of chimeric chick and nnous-e 
embryoE: and grve rise to celbof allgernn Latyers.Thbdennonstratesthatan adult 
neural steni celi has a very broad developmental capacity and may potentially 
be used to generate a variety of celi types for transplantation in different 
diseases. 



oi mese ceni. 

Although. we reproducibly found neural 

stem celi piogeny m vaiious organs in chick 
and mouse embiyos, o tlìer tissues contai ned 
no JjrZ-ezpressing celb. Far eicample, we 
i lid not detect anv con tri Kit ion to the hema - 
t opoietic syste m in the niodels we used. This 



....Anche l'altra prestigiosa 
rivista Celi (Krause et al. 2001), 
descrivendo la (presunta) plasticità 
delle HSC, non documenta la 
"transdifferenziazione" 
in tessuto nervoso 



Celi, Voi. -lOi, 3GP-S77, Ma* 4. £001, Copyright £flQ01 by Celi Praa& 



Multi-Organ, Multi-Lineage Engraftment by 
Single Bone Marrow-Derived Stem Celi 

Diana S. Krause^ 1 Neil EX Tiiejse,-** 
Michael I. CollMtor,* Ootavtan Henegariu,* 
Sonya Hwang,* Rebekah Gardner,® 
Sara Neutzol^ and SaiJ J. Sharkis* 

1 Department of Laboratori Medicina and 

2 Department of Genetics 

Yale University School of Medicine 

New Haven. Connecticut 06530 

0 Department of Patholoyy 

New York University Medicai School 

New York, New York 1 001 6 

^Cncology Center 

Johns Hopkins School of Medicine 
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Siummary 

Purification of rare Iwnatopoietic stem cell(s) (HSC) 
to Iw>n"KKjeueity is requrod to study theirself-ronewaL 
differentiation, phenotype, and honning. Long -torni 
repopulation (LTR)of irradiatod hostsand serial trans- 
plantation to secondary hosts representthe gold stan- 
dard for domonstratìng setf-ronewal and differentia- 
tion, thedofining propertiesof HSC. WosIkw that rare 
cels that home to bona marrow can LTR prrnary and 
secondary recipiente During the honing, CD34 and 
SOA-1 exprossion incroasos uniquely on cols that 
ho ine to marrow. Thoso adult bone marrow ceils ha ve 

trernendous differentiativo capaci ty as Hiey can also m NBl IlOt br£lill! ! 

differentiato into epithelial cells of tha liver, lung, 01 
tract, and skin. This finding may contributo to cliikal 
treatment of gonetic dìsease or ttssue ropair. 



....Ma nel 2002 Wagers et al. su Science sferrano il 
primo colpo contro queste speranze: smentiscono 
la possibilità di produrre neuroni con cellule staminali 
del sangue . 

Nel lavoro si afferma che solo una 

rara cellula staminale donatrice sarebbe diventata 

un neurone del cervelletto.... 

...e questo si dimostrerà, poi, il risultato di una fusione 
cellulare e non il prodotto di una transdifferenziazione 
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Little Evidence for 
Developmental PLasticity of 
AduLt Hematopoietic Stem CelLs 

Àmy J. W^gtrs,* Richard I. Sherwood, Julie L Christensen, 

Irvìng L. Weisaman 

To rigorously test the in vivo ceLL fate speci fidty of bone marrow (EM) hema- 
topoietic stem CeLLs (HSCs), We generated chimeric animals by transplantation 
of a single green fluoreSCent protei n (GFP)-marked HSC into lethalty irradidted 
nontransgenic recipients. vm^lu H5Cs rohustlv l'XQ nstitllted peri plorai bloo d 
lellk&cyteS in thcSt: jnjrnals. hut di d not C C-ntri b Llt e appredablv to n^nhema - 
t n poi^tir ti 5^1 1 ms. includine brain, kidnsy, guì, Liver, and muscle. SimilarLy, in 

CFP"*":CFP" parabiotk rnke, we found substantiaL chimerism of hematopoietic 

but n&t non hematopoietic Celli. TheSe data indicate that ''tr^ns^iffe^entidti^ 

of circuldting HSCs and/or theirprogeny is an extremely rare event, if it occurs 

at ali. ^^^^^^^™ ^^^^^^^™ 



....Rassegna stampa sulla presunta 
transdifferenziazione (o "plasticità") 

delle cellule staminali adulte, 
ripetutamente smentita , e risultata 

invece una fusione cellulare 
(ripetutamente confermata) 



LA PRESUNTA PLASTICITÀ' 



DELLE CELLULE STAMINALI ADULTE 



■ ■iiiriiif^iiifini + IIIIH NHmi 



Cel I fuston Causes COnfUSion Aprile 2002, Nature 

Anflrew E, Wurmser arri Frad H. Gagà 



Tranedlffarantlatlon 1 Isa po&riy understotxl pmm invoked to mplgin 
how tissue-specifc adult stem cella can generale cella oc other lissuei, 
New resulta chajtenge ìft esdster.ce, 



Ihanging potency by 
;pontaneous fusion 



li-L>m{ Ykvpi JtllHtt HLihnls'i Edward P, tanti & Amila ti. Siimi, 



Il M IIÌHI II »'"■■■'■ 'I lllHMt»l|l1 "«« IH UHI* 

Bone matrow cells adnpt tire 
phenotype of other ceBs by 



spontaneous celi fusion 

iftf j Mdj'ui £adii f H9 Jfl, ufoohlra ft^Ai- j , j jfcis h L munititi- , Masattìro CU " H Mi urtili Itti \ 
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Haematopoietic stem cells do not 
transdifferentìate irto cardiac 
myocytes in myocardial infarcts 

ÉlurlreE, Mutry, Mark H. Saonpaa , Hans Htliieckt , 
Hldcriiio Naha^lma H Isalta Hai 



Haematopoietic stem cells adopi 
mature haematopoietic fate* 11 
ischaemic myocardium 

iy J, waycrs , Julia l. Chiiftcm , 



Ki S htttB.s.pa S wihi -, jiikDi Aprile 2004, Nature L ^ EsnHn . \ RotalCi mm 
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DNA conte nt 



Figure 2 Gene tic anajysis d BMESL cells. a DNA ploidy. Parental embrjonlc stem (ÉS) 
cella and BMESL cells (clone numbers 1 and 2. 4 weeks after cloning) we e stai ned wlth 
propìdium iodideand subjected tu FACS analysìs. h t Karyotype (BMESL clone 1) c. DNA 
polymorphism Genomic DNA was extracted from embryonic stem cells, bone marrow 
(BM) cella, aid BMESL cella (clones l and 2). DNA was ampli Ned using mlcrosatelllte 



primers d etedi ng polymorpliìsms between the bone marrow g e noni e and the embryonic 
stem celi genome, separateti on 5% agarose gel and visualized by eUiidium bromide 
staining. Hybrid 1 29/B6 genotypes were detected in BMESL clones 1 and 2 for 
chromosomes 1 {D1MfTl5) t 9 (D9MIT4B) h 11 [DI 1MIT20), 14 (D14MIT11), 17 
[D17MIT42) and 18 (D18MIT14). 



ARTICLES Marzo 2002 Nat. Medicine 

Hematopoietic competence is a rare property of neural stem 
cells that may depend on genetic and epìgenetic alterations 




Ondi M. Morshead 1 


Liti: le Evidence for 
DeveLopmental Plasticity of 
Aduli Hematopoietic Stem Cells 

Amy J. Wagers,* Richard 1. Sh«rwoo<J r Juli-^ L. Chrirtensen F 

Irving W-eisaman 
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...se transdifferenziano è un fenomeno rarissimo 




CARDIOLOGIA RIGENERATIVA? 



Cardiac Celi Therapy — Mixed Results from Mixed Cells 

Anthony Rosenzweig, M.D. 
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Bone Marrow Cells 



in Acute Myocardial Infarction 



Ketil Luride. M.D., Svein Solheim, M.D.. Svend Aakhus, M.D., Ph.D., Harjld Amesen, M.D., PkD., 

Michael Abde In oor. Pll.D., Torsteìn E oe land. M.D Ph D. Knut Pndreggn M D . Ph D Amtinn llehekk M D. PhD 



Arild Mjngschau. M.D.. Ph. D.Jan £ 
Haakon Kiil Gragaa rd. M.D.. Re 
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Intracoronary Bone Marrow-Derived Progenitor 
Cells in Acute Mvocardial Infarction 

Volker Schàchinger, M.D., Sandra Erbs, M.D., Albrecht Elsàsser, M.D., 
Werner Haberbosch, M.D., Rainer Hanibrecht, M.D., Hans Hòlscherrnann, M.D., 
JiangtaoYu, M.D., Roberto Corti, M.D., De:lefG. Ma:hey, M.D., 
Christian W. Hamm, M.D., Tirn Sùselbeck, M.D., Birgit Àstmus, M.D., 
TorsTtn Tonn, M E\ S:evm e 
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Un caso eclatante di provincialismo scientifico. Gli esperimenti di transdifferenziazione 
delle staminali non hanno mantenuto le promesse. Solo in Italia si sostiene che le 



La campagna referendaria è stata segnata dalla contrapposizione fra difensori delle 
staminali embrionali e crociati delle staminali adulte. Di fatto, oggi in Italia l'orientamento 
è di sperimentare solo sulle seconde, e i 7,5 milioni di euro destinati dalla Commissione 
nazionale sulle staminali riguardano essenzialmente le "adulte" e quelle derivate dal 
cordone ombelicale. Ma quanto è davvero fertile questo terreno di ricerca? E fino a che 
punto lo studio di queste può evitare il "sacrificio" delle blastocisti? 

Il punto d'avvio dell'epopea delle staminali adulte va fatto risalire al 1999, quando viene 
pubblicato su Science un articolo dal titolo promettente per la ricerca sulle cellule 
staminali: 'Trasformare il cervello in sangue: un destino ematopoietico per le cellule 
staminali neuronali adulte in vivo". Autore di riferimento: Angelo Vescovi, del San Raffaele 
di Milano, e testimonial prò astensione nella campagna referendaria. 



Lettera Aperta al Presidente del Consiglio dei Ministri Romano Prodif 

dal Gruppo di ricercatori italiani sulle % tl 

cellule staminali embrionali La HCerCa SUlle CSE nOIl e UI1 

Roma 14 IU9li0 2006 inutile optional 

Oggetto: Perché ia ricerca sulle cellule staminali embrionali umane non e' un inutile "optional", ma è doverosa per il progresso 
della scienza ed è una pratica legalmente permessa in Italia. 

Egregio Presidente, 

Noi ricercatori, che, in Italia, stiamo conducendo studi su linee di cellule staminali embrionali preparate all'estero, ci siamo riuniti in un 
Gruppo indipendente ed abbiamo organizzato per oggi un Convegno di studio a Roma per presentare all'opinione pubblica le nostre 
ricerche scientifiche e per sgombrare il campo circa la assoluta legittimità degli studi che stiamo facendo. 

Le inviamo questa Lettera Aperta per informarLa dei principali risultati del nostro Convegno e per chiedere il sostegno del 
Governo e Suo alle nostre ricerche. 

A questo proposito ribadiamo che: 

queste ricerche sulle cellule staminali sono campo di frontiera, nuovo e ricco di prospettive, potenzialità' e 
quindi anche di speranze. Esse contribuiranno all'avanzamento della conoscenza e allo studio delle malattie umane, 
con un conti nuo lavoro per alzare il livello di lotta alle patologie, con benefici per l'umanità tutta. 

le ricerche sulle cellule staminali embrionali sono necessarie quanto quelle sulle staminali adulte. Non esiste 
contrapposizione ma complementarità tra queste ricerche. Le scoperte sulle prime costantemente favoriscono gli studi 
sulle altre, e viceversa. Inoltre, a tutt'oggi, nessuna e' sinonimo di garanzia di cura per tutte le malattie umane. Per 
questo, a tutt'oggi, e' "scientificamente sbagliato" impedire che questa sinergia possa funzionare. 

la percezione, da alcuni veicolata all'opinione pubblica, che le cellule staminali siano un "mero strumento di 
trapianto", e' frutto di una comunicazione superficiale e deviante. Non c'è" niente di più' sbagliato. Ad esempio, le 

cellule staminali embrionali presentano caratteristiche tali da renderle un preziosissimo elemento di conoscenza per 
giungere a capire lo sviluppo dei nostri tessuti, le molecole implicate o come si ammalino alcune delle nostre cellule. Non 
solo, possono essere usate per sviluppare e testare farmaci o per capire la tossicità' di composti dannosi alla salute del 
feto. Il trapianto cellulare rappresenta, quindi, soltanto uno dei potenziali ambiti applicativi delle cellule staminali, siano 
esse embrionali o adulte. 



la "curiosa" campagna secondo cui la ricerca sulle staminali embrionali sarebbe finanziata da non bene 
identificate "lobby internazionali", attente solo all'aspetto economico è falsa, inconsistente e faziosa. Al 

contrario, queste ricerche sono, per la quasi totalità', rigorosamente controllate e sostenute economicamente da Enti 
Pubblici e da Fondazioni. 



l'affermazione secondo cui i finanziamenti per la ricerca sulle staminali embrionali "sottragga ingenti fondi" a 
quella sulle staminali adulte è altrettanto falsa. Il Ministero della Ricerca ha già messo in evidenza che le staminali di 
origine embrionale compaiono in un numero esiguo di progetti Europei e che hanno ricevuto una frazione irrisoria del 
budget complessivo. All'atto pratico, i due campi si sostengono l'uri l'altro, anche come possibilità' di accesso ai fondi per 
la ricerca. Non si tratta di due strade parallele ma di una rete di conoscenze che si intersecano. Dimostrazione e' che 
molti scienziati nel mondo, nei laboratori, lavorano sia sulle une che sulle altre. 

tutti i ricercatori che lavorano solo sulle staminali adulte, devono avere l'onesta' scientifica e intellettuale di 
ricordare, sempre, a sé stessi, alla gestione politica e all'opinione pubblica quanto beneficino e beneficeranno 
delle ricerche sulle staminali embrionali. Devono ricordare quanto traggono dal partecipare a progetti internazionali di 
ricerca che contemplano entrambi i tipi cellulari. E quanto i risultati ottenuti siano interdipendenti. Qualcuno, 
correttamente, lo fa. Qualcun altro invece no. Non farlo e' grave e distorcente nei confronti della società' intera. Peggio 
ancora è alimentare il clima di sospetto e l'azione tesa a screditare la ricerca sulle staminali embrionali. 

la ricerca sulle cellule staminali embrionali in Italia e' legale. Sosteniamo inoltre che, anche dal punto di vista etico, 
le nostre ricerche sono pienamente legittime e doverose. Non è questa la sede per affrontare il tema dell'embrione, ma 
quello che è certo oltre ogni ragionevole dubbio è che una cellula staminale embrionale non è un embrione, e che 
lavorare su queste cellule non equivale affatto a lavorare su un embrione. 

i nostri progetti di ricerca sono stati approvati da un Comitato etico indipendente che si è fatto garante della loro 
rilevanza scientifica e della legittimità dei finanziamenti, nonché dell'osservanza della normativa vigente (anche 
Regionale) e della consonanza all'etica. Ci impegniamo a continuare questa prassi ed a rendere conto a Lei e 
all'opinione pubblica di quanto andiamo facendo - anticipando eventuali ricerche controverse. 

la libertà di ricerca scientifica è principio sacrosanto accolto ed esplicitato nella nostra Costituzione. Vorremmo 
che alle dichiarazioni soprattutto i fatti anche per quanto attiene al nostro settore di ricerca. Siamo preoccupati che la 
Carta fondamentale della nostra società sia violata non dai nostri studi, ma da chi tenta di limitare la libertà di ricerca 
sulla scorta di strumentali e ingiustificate interpretazioni restrittive alla già restrittiva Legge 40/2004. 

Come scienziati chiediamo che alle nostre ricerche innovative sia dato il giusto rilievo, e siamo aperti a qualsiasi confronto 
trasparente e costruttivo. Siamo pronti e sempre disponibili a presentare in pubblico ciò che stiamo facendo, perché la scienza è 
un'attività che deve essere sempre svolta nella totale trasparenza e nel dialogo argomentato - senza pregiudiziali. 

Signor Presidente, favorisca le nostre ricerche nelle forme a Lei possibili, perché queste ricerche sono parte significativa e 
fondamentale del bene comune: la salute di domani si garantisce soprattutto con le scelte di oggi. Un paese come l'Italia non può 
sottovalutare le nuove opportunità che si sono aperte sul piano scientifico in questo settore. É per questo che ci siamo rivolti 
direttamente a Lei sicuri di trovare sostegno. 
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■ Gianluigi CondoreUi (I.RCCS. Muldmedica, Milano, Fondanone Parco Biomedico San Raffaele Roma) 

■ Cesare Galli (LTR-CIZ, Spallanzani, Cremona, Università dì Bologna) 

■ Fulvio Gandolfi (Università dì Milano) 

■ Alessandro MugeUi (Università dì Firenze) 

■ Fedeiica C Sanginolo (Università dì Roma ££ Tor Vergata") 
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Dallapiecola: non serve 
la ricerca sull'embrione 



E un dato di fatto. Il dibattito politico sui 
referendum più nelle mani dei parti ti poli- 
tici, divisi peraltro in maniera trasversale 
sull'argomento, è in quelle dei "Comitati". L'ul- 
timo in ordine di tempo, è quello che viene 
ntato ufficialmente oggi a Roma e che 



24,2 per cento. Un piccolo calo, lo ammetto, ma 
che cosa abbiamo guadagnato nel frattempo? 
Innanzitutto, limitando a tre il numero di ovociti 
non si creano embrioni in eccesso, e non è poco 
visto che ci stiamo chiedendo cosa farne di 
quelli congelati. E poi, sul fronte della salute, la 
donna è più protetta: per ottenere come avverri- 




LA CONOSCENZA NON SI PUÒ' FERMARE... 
(la ricerca non si può bloccare su basi ideologiche) 
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Ai 77 Nohd che lui min fmnm 1'appeJ* ( 
Inumimi pubblkutn qui in ^rlnsiva. ' 
andrehlirm iiJralmwifr urinali i due 
Hatìaili UvivMu Uulfu tro c Uila Levi Monljil- 
diri* die insieme & Umberto Veronesi e u 

HTilln un inali jpo doeuimmu itnJùnn Ne ih 
iIEh mH i ìi ti IN niiiefiio, jilk 12 a Reumi (via 
IN'Jì/miisiJr 22 », in un iiumiiru i>rj>;mizftilii<Jii 
comitato «Hittrtft e sunile*, l/upj>elb dei 
Vilid t staiu pivi musso (iiilJ'A^sociiiiione 
Luni < tKuoiii e ciati J^iHil,» iMhrli^ilc InntMiii- 
mnnh*. e ni untalo [jìcxmp j ;i SC[ je (i t ,|)e 
Ptouiii Un il e di is L i W y r , r fc insieme ni (Scile- 
tu* IVIicy (listimi** Ju ( iuilìiìóii \ur the 
Ari vanirti voi <4 Multali Reseiirdi e h Chri- 
stopher kcH-vr I- oli i hIsiLeoti. .Multe k lìrrm- di 
ImiJnpii Kiiiilk-mlii, [Wsslriii-Y<>lh»rri. Ar- 
ber, NmiwlJ, Gmm»urd t Ite Dove, 
Sutóun, Cohen, 'J 'Immusì Benaeerrcd, Luu* 
(iTbur, muta], Ilurvit/, Nnln ils HjjJiimnre, 
Vannus Km-nher^ mu aneluj di domici, 
fisici. ttdjiu/tHsli Uni coi Kenneth Àrrw) e 
I dei riniianricFi' José Sarmru\ga r | 

Noi sottoscrìtti, cittadini di tuttQ il mon- 
do , personalità ih Ila scienza, deità cul- 
tura e delia polìtica t i uniamo pvr dare 
corpo e voce a una sperane dì vira e di salute 
che oggi p wt x per la libertà detta ricerca 
scientifica e che rifiuta vecchi e nuovi proihina- 
nismi antiscientifici e ideologici 

Grazie al rapido progresso della ricerca 
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LA RICERCA DOVREBBE POTER 
PERCORRERE TUTTE LE STRADE 

POSSIBILI 
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Derivation of midbrain dopamine neurons from 



human embryonic sterri ce 




PNAS,2004 



STAMINALI EMBRIONALI E PARKINSON 



Derìvation of midbrain dopamine neurons from 

onic stem cells 




Aiuelme L terrier ■, vi viarie 
and Lorena Studcr** 



\ Tizi and Barberi*. Maria & Rubio', Juan Bruses', Norbert Topf\ Neil L HarrisonV 



PNAS 101:12543, 2004 
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Functional en grafi mem of human ES cell-derived 
dopa ni in ergi c ncumns e n ridicci hy co cui ture vvith 
t e 1» ni o ra se - i ni mo rt al i zed in id hra i n ast roey tes 

NrftÉ^ftO¥ l ì <irifirnrrrrS > . .!tr>4^i K SL^rflL lA+lbM Vuifi 1 . M iitii & A Urtdltwli 1 - 



NEWS 

Published online: 22 October 2006; 
doi:10.1038/news061016-16 



Ottobre 2006 



Stem-cell treatment for Parkinson'* 
brings mixed results 

Almost total relief of symptoms tempered 
by hints oF cancerous side effeets. 



18000 NEUROLOGI AMERICANI CHIEDONO DI 
STUDIARE LE STAMINALI EMBRIONALI 




AFRICANI àCaDììMY Or 



Special Artide 




Position statement regarding the use of 
embryonic and adult human stem cells 

in biomedicai research 

American Academy uf Neurulù^y and Amen'cun NtnLrnlq|jicfiÌ Atroci a ti un 



Fremii Li3 s TI n- Aiiwitian Aertriemp uf Neurultìgy 
iAÀNJ and the American Neuml^kail ÀtìHudtition 
(ANA), urtfatli^itiiin- representinfi nwr IH.lMK) ótjit- 
i "ijfci j^i nt*j inni neiun^rimM- pm/essiuruils, suppuri 
^iJVérinnribl. I li lifting r>(" basid CÌinitfll,, and trtliiNlft- 
tionri] rtwarch thftt will ultimiilely hi-urfil pj iti ente 
with lieumluyk disei-is*^ 'The AAN imd ANA bel seve 
thot ihe use of bum un pi uri potori L ntam c^ìh [ulto 
knuwnns human emhrynntc attlni calì&) in bkmiediail 

rango rch uia^ hm r r ermrmiius pnit-ni mi In lineili 
petrpl^ idìected fcy iittur ni sigic dissime 1 hroi i^limii (Ite 
wnrlri. In pariicubir. thti retteti rch jnvnlvin^ sudi 
celltì cu ni fi iiuprovu th*i liven <jf fiuiiiy ÀmericnnH sui» 
IVrinK fnmi neiirolo^it 1 divenne*, exnmpk 3 ^ ei wlm'h 
tire ALB Haìu ( it'hri^ d imi fi sei, Alzheimer* diHéuHe, 
■ ■pilepay, Hiijitintftttn diHi*fiKi*, iitiilliplr sdurtwirt, Por* 
kinHen disLUibw;. apina] Cord ili-jury, fmù Rtrukt 1 - 

While the ijutentiul nf embryonic atem coli ru- 

se;*n li n- ■■-.lì li: In i-.ikl lirici;:! I I i ■ r ■ 1 1 1 - 1 ■ ; ■ I:- nr.ll, lF 

is impcnlnnt lo recufu 1 1 *r ■ Ih 1 111- - \ imi ricini Uni re 



■ 1 1 



BiufLliics JisnuÉii.y 2WH rupurtp Monitoring Staili C 'ili 
Iteseli reti, "Thii» reHeftrcli iai eXpensivn fiiad Ledici 

i 1 1 1 y dii-illt j iL|jjji|.:, .itid réquireti scientista wtllintf tf i 
lakr u kuij* pejHpeelive in tìrdet Uà ditiGHvpr, Llu'i^u^h 
p^itLstftkiu^ rrHLWch. which combinai ì[*riH of tee fi 
niquHtt cuuld turn out tu be auxee^stia]. Htmn^ fioan 

t :i : 1 1 Ku|iprhj-t. puNk- iLiitì fin vj iti?, will lie imUsptaijjwinh 1 
tu iichìtìvinR succosa " É 

Ali re&e&rtih, iriduding stem ctsll resurireh. munì 

ii .!■!■[ the stiiridft rds n/' -m-nl il u ni ut ri I uni] ovej -ii-f-.f 
by externa] peer iwìew. The AAN nnd ANA prò mole 
the highesl st nndnrds far uv&r&ight* which many cmi- 
sidér tu be thut nttarhed tu irderfJly fin i deci re* 
ite ardi. In 2f)0fL thf NIH i ?s : - ■ « ■ ■ ? I iJuafaUntt for 

Be#eart*h Involvlng Human Phtrtfjntent Stei?*" fi 

«AftblinK ^cientiattì tu ticindudt fedenilly-fundrd vm- 

bryomz titem wll reueitrch (BBCR) withm the aia- 

tìtraintit of federai inver^Eit. nnd Hlnnrinrd^. v Thnse 
guidali nes weru ftlirrMl hy Presitienlirtl ÒrdftT e in Àu- 
^il.hI. fi, 2001. Inni Li np ESCR Ui nlem celi Mnes thuc 
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Open Icttcr tu Preside ut Romanci Frodi a od Ministeri ufUit» lt;ilbtn RcpubUi; 

From: Gordon Keller, Presidente ln«eriij*iicjfial Society fu-r Sl«m Celi Research 

Co-* mi tory: Austin Smith, Cimiti inator, Kuropcan Condurti uni for Stein Ceti Research 

The ImemaLìonal Society fnr Stem Celi Resigli i ISSCR) haa become avare ol" tiie racent 
dedsion of the ItaJian Minister of Research and University, Fabio Mussi, to wilhdraw Italy's 
signature fmm sin Amicai IJedaralion ag&ìnst Human Erttwyonìc Stsm Celi Re9earch\ whidi 
was pliictrd by the previeni s govcramont in the iiuropean Union (*)♦ 

Whilebftvirig no dirud iinpnci oti the cumini Itrtlian legislation (**), this dedsbn renio ves si 
.signilìcanl barrier in Mie frosoni of aderii ifie researeh aiid medicai !idv£ineement in the Eufopean 

We as a society, cndorse Minger Mussi and ths stence of the new Govemmeol ol FtaJy on this 
issne. The wilhdrawa! ("nini [he Ethical Deduru tion is consisterti with the opinion o( the 
Europeaji Group on Ethlca (***) unti h ofgrtU importance Ibr cit i^ens in those Kunipeun 
countrfc* thftt ha ve come to demoeniue decisioru that itseareh on human embiyonie stcrn oelU \$ 
iiecessary, legilimnlcniid eUiicuL 

BtìlOpe has nindu major hLsCorical conLributionH in the (1 old offundEHitìiLd sic in celi re&earch and 
is weli-posilioned to -Iran slitte tìtìs knowlodge lo the eiifìic and develop future treatment^ (or 
human dismise. Ituty is no longer bloeking sci cri li Ile progress ibr uni versai henelil. apphud 
iliis liniuHinahle dixision iliEit takes imo Itili comiderallon plumlism of id^isund principlea. ( )n 
the tjlher hand, rcversal of the decision rnade by the Minister would liave a negative e (Tedi OH ihe 
whole Euiope?in imd International seientifie community ¥ s lo wing rss^rcli progress tow:irds 
reye i ìe ru! i v e 1.h orti p ics. 
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Simple switch turns cells embryonic 



Research reported this week by three differ- 
ent groups shows that normal skin cells can te 
reprogrammedto anembryonic state in mice 1-3 . 
The race Ls ncw on to apply the surprLsLngly 
straLghtfcrward procedure to human cells. 

Ifresearchei^ succ&ed it will mate it relative!/ 
easy to produce cells that seem Lndistingpishable 
frcimembryonic sterni cells, andthat are geneti- 
callymatchedto individuai patients. There are 
limiti to how useful and strie these wouldbe 
fcrtherapeutic use in the near terni, butthey 
should quickly prove aboon in the lab. 

It wioùld diange tbe way we see tbings quite 
draniatically," says Alan Ttounson ofMonash 
University in Victoria, Aus- 
tralia, Tlounso n wasrft Lnvolvtd 

in the new work but says he 
plans to start using the tecb- 
nique "tomorro W, "I can th ink 
of a dozen experiments right 
now — and tbe/re ali good one^T he says. 



"It "s unbelievable, 
just anwmg. It r s like 

Dolly. It'sthattype of 
accorri plishment." 



an adult celi and then forcing the celi to divide 
to create an early-stage embryo, frojn which 
the stem cells can beharvested.Those barriere 
may havenow been broken down. 

"Neitber eggs nor embryos are necessary 
iVe never worked with either," says Shinya 
Yarnanaka of Kyoto University, whó h-ìs pio- 
jieeredtbe newtecbnique. 

Last year; Yàmanaka introduced a system that 
Ltses mouse fìbroblasts, a oojìì ni on celltype that 
can eastly be Karvestedfrom skin, instead cf 
eggs^. Four genesi which code f or four specific 
proteins kncwn as transcription factors, are 
t ransferred into the cdls usàng retmviruses. The 

pi otems trigger the expression 
of other genes that lead the cells 
to become pluripotem.. mean- 
hig tbat they couldpotentially 
beconie any of thebody's cells. 
Yarnanaka calls them induced 



pluripotent stern cells fiPS cells), "It ? s easy. 



was not comfcrtable witb the term ^pluripotenf 
last year," says Hans Schiller, a stem-cell spe- 
ciali st atthe MasPlaiKklJistitiiteforMokcular 
Biomedicmein MQnster who Ls not involved 
with any cf the three articles. 

This week* Yarnanaka preseiìt s a second gen- 
eration of iPS cells 1 , which pass ali these tests. 
In additici], a group ledby Rudolf Jaenisctr 
at the Whitehead Institute for Bioniedical 
Research Lì Cambridge, Massachusetts, arida 
collaborativi effort 3 bet ween Konrad Hoched- 
linger of the Harvard Stem Celi Inflittile and 
Kathrrn Platb of the University of California, 
Los Angeles, used the game four factors and got 
strikingly similar results. 

"Ifs a relief as some people questioned olii" 
resulta especially after the Hwang scandal," 
says Yarnanaka, referring to the irrepro duc- 
iti le cloningwork ofWoo Sitk Hwang, which 
tiuned out to be fraudulent. Scholer agreesi 
"Now we can be confident that thi& i& some- 
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STEMCELLS 



The magic brew 



NATURE|Vol 448|19July 2007 



Janet Rossant 

Researchers have engineered embryonic stem-like cells f rom normal mouse 
skin cells. If this method can be translated to humans, patient-specif ic stem 
cells could be madewithout the use of donated eggsorembryos. 



iPSCs = induced Pluripotent Stem Cells 



Induction of Pluripotent Sterri Cells 
from Mouse Embryonic and Adult 
Fibroblast Cultures by Defined Factors 

Kazutos h i Tàkahash i 1 and Sh i ny à Yàmànaka. 1 A " 

1 Department of Stem Celi Biology, Iratrtute fcr Frcnter Medicai Sciencea, Uberto Uhiverarty, Kyoto Japan 
5 C RESI , Japan Science and Technology Agency , Kawaguchi ÌÌ£^ÙO I 2, Japan 
■•Contact: ^amanakatìfront er.lcyoto-uac.jp 
DOl IÙ.lùl&'j.cellÌuùe.Ù7.ù£4 



BUM MARY 

Diffcrcntiated cells can be roprogrammed te an 
embryonic-like state by transfer of nuclearcon- 
tents into oocytesor by fusion with embryonic 
stem (ES) cells Little is known about facto is 
that i nd ucc th is re program m i ng . He re, we dem - 
onstrate induction of pluripotent stem cells 
from mouse embryonic or adult fibrcblasts by 
introducine, four factors, Oct3l/4, 5ox2, c-Myc, 
and KJf4, under ES celi culture conditions, 
Unexpectedly, Nanocj was dispensable. Thcsc 
cells, which wc designateti iPS (induced plurip- 
otent stem) cells, exhibit the morphology and 
growth proporties of ES cells and express ES 
celi marker gcncs. Subcutancous tra ripianta- 
ti on of iPS cells into nude mice rcsultcd in 
turno rs containing a variety of tissucs from ali 
three germ layers» Following injcction into blas- 
tocysts, iPS cells co ntributed to mouse embry- 
onic deve lo prue nt. The se data demonstrate 
that pluripotent stem cells can be directìygcn- 
erated from fibroblast cultures by the addition 
of only a few defined factors 



or by fusion wrtti ES cells «?Cowan et al., 2005; Teda 
et a ., 20011, indeating thatunf&tilized eggsand ES ce lls 
conta in factors that can co nte* totipote ncy o r p lun potency 
to semate cells. We hypothesiz&d tnat tne faoto r s that 

D -L'y mEO'tiiTt r = ér. "l tne ma ntenance DÌ ES le d eit ty 

aJso play pivotal rotes ri the riduction of plun potency in 
somatic cells. 

Seve r aJ Va nscn ption fa etcì s, ridudrig Oct^'4 (N io ho Is 
et al., 1998; H rwa et ai., 200OI, Sox2 (Avilion et al, 2003), 
and Nanag (Chambe^s et al, 2003; Mfcsu et al., 2003), 
function ri ftie maintenance of pJurjpotency in botti eany 
emb r yosand ES celle. Severa] genesthat a r e fequenty 
joregulated in turno r s, such as 5'?a?.3 (Matsuda et a., 
1999; H wa et al., 19981, E-Ras (TaJcahashi et al., 2003), 
o-myc ;Ca tw-fght et ai., 2005i, K?£f (Li et al, 2005), and 
p-cafeT^ <Kielman et al., 2002; Sato et a., 200-1 ì, nave 
neen shown io conMbute to the long -terni mamtenarice 
of the ES celi phenotype and the -aoid p'oìfe'atcri of 
ES cells in culture. In add ton, we nave rieri tifi ed severa 
ottier genes tiEt =i r e speofoa y exp r essed in ES cells 
;rh=la r jyamaetaJ.,2C05; Mitsui et aJ., 20 03). 

In th is study, we e .«ami ned w hethe- r tnese faotors could 
induce pfu r ipatency in somatio cells. By combinino, fdu r 
:iee:;lsd tv: :t- r :-; , uè ^e _ e e to j.ene-K.1e „ .r octem 
cels, "rttikti we cai riduced □ j-sotent stem ; FS) cells, 
d r eety fom mouse emb i yonc o r aduft fibroblast cul- 
tures. 
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Induction ofEkirieotent Stem Cells 
from Ad u iCHuman^P 7 ib rob la st s 
by Defined Factors 

Kazutoalìi TaRalìaalii, 1 Koji Tarate, 1 Mar iOrriuk.1, 1 Megumi Narrta, 1 - z TopiC"Ko IcTiraaita, 1 - 2- Kitìhiro Tonnoda^ 
and STiiiìya Yantana te"^** 4 ^ 

1 Deliri ma' il al Sterri Cdl Dkjloyy, kdilute Vir rrurrlia" ktedcd Sgki-k;«, KyaVj Uriirersily, K>xjVj fìQfi-35Q7 , Jjpan 



J C R L3T, Jbpari Suture Jid TtìJirnjlogy Ayer^-y, KawaguJi 332-GG12, Ji 
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, CtiT4^xjida - iGt;: y.rrurcaksOt-urif er.kyuVj -u.ac.p 
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SLJMMARV 

Successf u I rep rogram mi ng of diffe re ntiated h u- 
man somatic ce H e intoapluripotent state woukJ 
aJlow creation of patient- and disease-speerfie 
stern cells. We previously reported generation 
of induoed pluripotentstem [\PS] cells, capable 
of germi ine trans miss fon, from mouse somatic 
celle by tranaduction of four defined trans- 
cription factors. He re, we de mon strale the 
gene rat ion of iP S ce II s from ad u It h u man de miai 
fibroblaste with the sa me four factors: G et -3/4, 
5ox2, Klf4, and c-Myc. Human iPS celle were 
similarto human embryonic stem [E 5) ce I li:- in 
murphology, proliferation, surface antigens, 
gene expressbn, epigenetic status of più ripe- 
te nt cell-specific genes, and telomerase actrv- 
rty. Furthermore, these cells could differentiate 
into celltypes of the three germ Layers in vitro 
and in teratomas. These findings demonstrate 
that iPS celie can be generated from adurt 
human fibroblaste. 



iSSues iS te induce pJuriptflérfl SLàtjfi in SfrTiflijtì -sella by 

drectreprò^rmi^n^O^arrtìraka, 2007). 

We stìowed Unal induced pluripetail slem GPS) cdla 
can be ^ènenaied Y&m mouse embr^^nio Ibrctìasts 
(ME Fi and aduli mouse tail-lip ibrotìasla by ti* nsfrovi- 
rua-mèdaied Ijansltìùliùfì ò1 fc-jf ir^nacirlpljofi lamiera, 
namdy Oct3/4 , 3c>.<2 , u-Myu , and KIH CTakahastìi and Va- 
manska, 2006). MùuaeiPS odia are ridaln^uiahaHeVòm 
ES odia in mùrptìdù^, pmJiltràtfjfì, ^ane e>pres£iòn, 
and tenatoma fcrrn^on . Furlfierrnòre, wrien inanaplanitìd 
intù Haa locata , mouse i PS odia san giverisetù aduli uhi- 
mèras, whfch art tìompeLeni fcf ^èmUine Inansfrisaion 
(Msheraii ei al., 2007; Qtóla et al., 20G7; Wemi^ * al., 
2i307). These resulta areprool ol principleihaiplurìptìteni 
slam otìls can be ^àneraltìd V'.jfri aomaiiu cdla by Ihe 
aynbinaliùn tfl a amali number ol tìclers. 

In ihe eumeni atidy, we sùugtìi io ^enenat iPS cdla 
Vùm aduli human somali^ odia by cpiimizin^ rtlf^inal 
Varìtdj.jìcfi in human Ibrctìasls and subse^uert culture 
ùC4idliC4i£ . These ^fcrts ha « enaMed us t- ^èneralei PS 
ùtìla Irvyri aduli human dùrnal Ubriitìaste and ^Iher hu- 
man schtìsIìg cella, uhi oh arecenrpartaHe iù hun-ìan ES 
ùtìla ii tieir dflerenlaiic*i pi-te- 1 lisi in vrl^ò and in iena- 
trfYìas. 
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Induced Pluripoteut Stein Celi Lines Dei i veci froin Hurnnu So ina tic Cells 

Junying Yil Maxim A. Vodyanik." Kiin Siringa -Otro, r ~ Jessica Antosiewicz-Bourget, ' Jennifer L. 
Frane." S ho lati Ti air Jeff Ni e/ Gudnm A. Jonsdottir" Victor Ruotti, Ron Stewart," Igor I. SlnkviiL" 7 James 
A. Thomson 1 ^"" * 

"Genome Center of Wisconsin. Madison. WI 53 / 06— 1580. USA. "Wisconsin National Friniate Research Center. University of 
Wisconsin-Madison. Madison, WI 53715-1299, USA. "WiCell Research Instiate, Madison, WI 53707-7365, USA. 
4 Departinent of Pathology and Laboratori 7 Medicine, University of Wisconsin-Madison. Madison, WI 53706, USA. "Department 
of Anatomv. University of Wisconsin-Madison. Madison, WI 53706-1509. USA. 

^To whom correspondence shouldbe addressed. E-inail: jyii@priinate.wisc.edu (J.Y.): thomson@piiniate.wisc.edu (J.A.T.) 



Soma tic celi nuclear transfer allows trans-acting factors 
present in the mamma li n n oocyte to reprograin so ma tic 
celi nuclei to an undifferentiated state. He re we show that 
foni fariors (QCT4, SOX2, NANOG, aud LIN28) are 
suffici ent to reprogram human so ma tic cells to 
pluripoteut stem cells that exhibit the e ss enti al 
eh araci eristks af embn ouic stem cells. These hutuan 
induced pluripoteut stem cells ha ve uormal karyotypes. 
express te lo mera se acthity \ express celi sui face marker s 
aud genes that eh ara eterne human ES cells, and maintain 
the developineutal poteutial to differ enfiate into advanced 
de rivati ves of ali three pi imaiy germ layei s. Su eh human 
induced pluripoteut celi liti e s should be useful in the 
production of new disease inodels and in di ug 
development as weU as application iu tran spia ntation 
medicine once technical limitations (for example, 
in ntation through virai integration) are eliminate*!. 



demonstrate that OCT4, SQX2, NANOG, and UN 2 8 are 
suflìcient to reprogram human s ornati c cells. 

Human ES cells can reprogram myeloid precursore 
through celi fusion (7). To identify candidate reprogranmnng 
factors, we compiled a list of genes witli eniiched express ion 
in human ES cells relative to myeloid precursore, and 
pnoritized the list based on known ìnvolvement ni the 
establishment or mamtenance of plunpotency (table SI). We 
then cloned these genes into a lenti virai vector (fig. SI) to 
scieen for combuiations of genes that could reprogram the 
differentiated derivative s of an OCT4 knock-in human ES celi 
line generated through homologous recombniation ( S). In fhis 
celi line, the expression of neomycin phosphotransf erase, 
which make cells resistant to eeneticin, is driven bv an 
endogenous OCT4 promoter, a gene that is highly expressed 
in plunpotent cells but not in differentiated cells. Thus 
reprogrammuig events reactivating the OCT4 promoter can 
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In vitro reprogramming of f ibroblasts into a 
pluripotent ES-cell-like state 

Marius Wernig 1 *, Alexander Meissner 1 *, Ruth Foreman li2 * r Tobias Brambrink ] * r Manching Ku 3 * r 
Konrad Hochedlinger 1 ^ Bradley E. Bernstein 34 ' 5 & Rudolf Jaenisch ] 2 

Nuclear transplantation can re program me a somatic genomc back into an embryonic epigenetic state, and the 
reprogrammed nuclcus can create a cloned animai or produce pluripotent embryonic sterri cells. One potential use of the 
nuclcar cloning approach is the dcrivation of 'customized' embryonic stem (ES) cells for patient-specific celi treatment, but 
technical and ethical considerations impede the therapeutic application of this tcchnology. Reprogramming of fibroblasts to 
a pluripotent state can bc indueed in vitro through ectopie expression of th e tour transcr iption factors Gct4 (also callcd Oct3/ 
4 or Pou5fl) r 5ox2 r c-Myc and Klf4. Hcrc wc show that DNA methylation r gene expression and chromatin state of such 
indueed reprogrammed stem cells are similar to those of ES cells. Notably r the cells — derived from mouse fibroblasts — can 
form viable chimaeras r can contribute to the germ line and can generate live late-term embryos when injcctcd into tetraploid 
blastocysts. Our results show thatthe biological potency and epigenctic state of r'n-Wtro -reprogrammed indueed pluripotent 
stem cells are indistinguishable from those of ES cells. 
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Figure 4 1 Applications of iPS cells. To generate iPS cells, fibrohlasts 

(or another type of aduli somatic celi) are transduced with retroviruses 

encoding four pluripotency facto rs (SOX2, KLF4* c-MYC and 

FuUy reprogrammed iPS cells bave similar properties to ES cella. They are 

competent to forni teratomas gii in jection into mice and are capable of 

generati ng progeny. À patient s cells can be used to derive iPS cells, which 

can then be in due ed to undergo differentiation into various types of somatic 
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lPSceJls 



Patient-specjfic celi therapy 



Drug screening 



Human disease model s 



celi» ali with the sanie genetic infbrmation as the patient. Forexample, 
dopaminergic iieurons could be generated from ih e cells of a patient with 
Parkinson s disease and then transplanted to replacc those neurons that bave 
been lost. These differentiated cells can al so be used in disease model s far 
studying the rnolecular basis of a broad range of human diseases that are 
otherwise difficili t to sludy (for instance* those that affect brain cells) and for 
screening the efficacy and safety of drug candidates for tre a ti ng these diseases. 
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iPS derivate da pazienti (studio meccanismi d'azione, nuovi farmaci...) 
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Tailor-made diseased neurons 



Michael Sendtner 

How can we investigate a disease affecting neurons, which cannot be isolateci from patients for analysis? 

As the Study Of One neurologica! dÌSOrd< V ol 457 15 January 2009 doi:10.1038/nature07677 natUfC 
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Induced pluripotent stem cells from a 
spinai muscular atrophy patient 

Allison D. Ebert 1 2 , Junying Yu~\ Ferrili F. Rose Jr\ Virginia B. Mattis 4 , Christian L. Lorsorr, James A. Thomson 2 3,5 
&Clive N. Sv end sen 1,2,5,6 

Spinai muscular atrophy is one of the most common inherited forms of neurologica! disease leading to infant mortality. 
Patients have selective loss of lower motor neurons resulting in muscle weakness, paralysis and often death. Although 
patient fibroblasts have been used extensively to study spinai muscular atrophy, motor neurons have a unique anatomy and 
physiology which may underlie their vulnerability to the disease process. Here we report the generation of induced 
pluripotent stem cells from skin fibroblast samples taken from a child with spinai muscular atrophy. These cells expanded 
robustly in culture, maintained the disease genotype andgenerated motor neurons that showed selective deficits compared 
to those derivedfrom the child's unaffected mother. This is the first study to show that human induced pluripotent stem cells 
can be used to model the specific pathology seen in a genetically inherited disease. As su eh, it represents a promising 
resource to study disease rnechanisms, screen new drug compounds and develop new therapies. 
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SJMMARV 

Tissue culture of im mortai celi strains from diseased 
patients is an invai uable resource for medicai re- 
search bui is laraely limited to tumor celi linee or 
transfonned derrvatrves of native tissues. rie re we 
describe the generation of induced plurìpotent 
stem fiP S) ce II s from patie nts with a variety of gè net ic 
diseases wrth erther Mende lian or complex inheri- 
tance; these diseases include adenosine deaminase 
deficiency-related severe combined immunodefi- 
ciency (ADA- SCIO), 5 hwach man -Bodian- Diamond 
syndrome ISBDS), Gauche r disease | G Dj type III, 
Due henne (DMD) and Becker muscular dystrophy 
|BMD), Parkinson disease (PD], Huntington uisease 
(HD), juvenila-onset, typel diabetes mellitus (JDM), 
Down syndrome -pSJ/trisomy 21, and the carrier 
state of Lesch-Nyhan syndrome. Such disease -spe- 
cific stem celle offeran u n precede nted opportunity 
to reca pitu late both norma! and pathokjgic human 
tissue formatbn in vitro, thereby enabling drsease 
investigation and drug development. 



liSSue-a ce" are- Cjetìelically rncdlled fc driv* inTncrtàl CjrcWlh 
iGrirYtn, 2004). PrirTùrV human Cella hav* a lifriifed lile-fipal in 
cdlure-, a aonslrBinl1nal1hwaii£ i r*} j i r n y i n t ■ Un a rev j j kà li C<\ Ol fa- 
Sue- 1a*Ynaìòfl, r^eileraliafl, tìrìd repdir. Irìdeed, rTtìrìy human 
adi lypfrs ha\* ne-\*f tiiUTluly twri adapted fcr grùwlh 
in vili^s, and Une teck ci aaae^able-n-iòde^ cA nofmal andpalhù- 
lo^ia lisaue- Vjf'rnaUrjfi nas feriti ered many impùrlaril afjefiìana in 
human de-vtìfcpnient and disease- palne^erifrEis inacaeeaibl*. 

Human em&ryinia atm adla isdafcd irorrì e-^eeaa em&ryùa 
1r&m in 'hilra. lerUlizaUatì Clinica repreeerìl an immùrlal prcpa^a- 
tiefì al piurìpcdent adls tìaUnearèUaally can ^erìerat any oell 
lype-wilnh Ine-humanbodyCLeftxi e-lal., 20O&: Murryand Kdlef, 
2C03). Human embrytìnic sLern cdls alle* inwalicialcf^ t e*- 
pjòr"e- eany human d6\tìùpmenl fircfjtjh in ^ilrù dUleitnlialiòn, 
^rich rècapitublea aapecta ùl nocrnal caalrulaUori and liaaue- 
lomìaliafì. Efìtrws aho^ri lo carry cjerie-ìa diseasea Ejy virLe- 
ó1 preimptanlaUcn cjeneljc Ja^ìc^t (PGD; gterìetic analyaia ó1 
single- tuaslùnwea otMained by embr>c Hùpay) can ytìd stern 
cdl linea Un al rrvidd aingle-c>eiie- dacfdera (V*r1ins% ei al., 
2005), bullhe-vaalmajcri^ cddiaeaaealJTalahc^mcf'is-GCnìpieK 
Ctìfielic patèma d inherllance- are- nói réprisaenied in inia ped . 

A^f&ù^££ié■ meUiùd icr 1 eelaMifihincjimmcrlal cdturee ci pJu- 
ripclenlalem cella Vcm dae-ased individuala wculd ned, cnlyla- 
ciilafc disease- re-aeardi butalaclay a IcundaUcn Icrprcdudng 
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Parkinson's Disease Patient-Derìved 
Induced Pluripotent Stein Cells 
Free of Virai Reprogramming Factors 
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SU M MARY 

Induced pi uri pois ni stem cells IjPSCs) derrved from 
somatic cells of p-atients represent a powerful tool 
for b iomedlcal reseanch and may previde a source 
for replace me nt therapies. However, the use of 
viruses encoding the reprogramming factors repre- 
sents a major limrtation of the current technologry 
sinceeven lowvector expression may alter the d rffer- 
entiation potential of the iPSCs or induce malignant 
transformatron. Here, weshow that fibroblasts from 
frve patte nts with klropathic Parkinson 'e disease 
can be efficiente reprogrammed and subsequerrtly 
differentiated into dopami ne rgitc neurone. Moreover, 
we derived hiPSCs free of reprogramming factors 
using Gre- recombina se exci sabre virueee. Factor- 
free hiPSCs maintain a pluripotent state and show 
a g lo bai gene expression profila, more closery 
related to hESCs than to hiPSCs carrying the trans - 
ganes. Our resuhts indicate that residuai transgene 
expression in virus-carry ing hiPSCs cari affect their 
mo tecular characteristics and that factor-free 
hiPSCs therefore represent a more surtable source 
of cells for model ing of human disease. 



et al., 200S; HKrtelal., 20Q9-; Farfc et al., 2QG&aj.hiPSCa,tìha^ 
aclérlZed by l/Watìlity lo Sefl-fefleW and t. diflèfeflliale-irìt any 
OìJI t'p^ól tiebOdy.are-pred^^tObetìOme-apùWerld lOùMOT 
biomedeal reBeareh aa v^HI aa a aoLftìe- 1or cel-replatìernenl. 
UTètìSpiefi. AltlOugtì Une- rtalization Ol ESOlnduCed pluripùleni 
sterri Oèll (iPSCJ-baaed Itera piee ia Siili al ari etìrly Starle- Ol deVel- 
opmènt tie-posabiily ol rnoddhg human dia eaae- in \i1rO£ùuld 
mahe- pa ti en Impecine hiPSCs inirnedtàtdy valuaMe-. Thia ia 
pariiùubsrly retevanllor dae-aaea ol tie- tsenVal nervoua ayatem 
■CUS) auch aa Parkinson "a disease- (FDì, where-primary neur&ial 
tiasue-ia nolavailabltì. 

P D ia ine seoond mosleommon £hroritì prooreesiw rreurode- 
oenefaiA* diaorder and ci Gharaclerized prlmarìlyby major Iosa 
ol ni oroairi alai dopa ni n ergi g neurona. The-diaoovery <o1 oeriee 
linked io rare- larrilial fcnms ol PD haa provided vilal dues in 
u ridestarti ing ine- Ulular and moleojlsr palno^èneeis ol tie- 

diaetìae-^Gaaaef, 2007; SdluIZ, 2003;. HùWe-Vef, Irle- majority Ol 
eases are- aporadrd, r>M lirfted t. a known d^nelid mutelion, 
and likdy ine- readt ol oo/nple-x intracliona belwean ùenelid 
and efitiron menta I tedtira (de- Lau and Bitldef, 2QQ£}. One ol 
1ne-rnajorre-aaonabrlrie-lad< olunderatendingot tie-underiiing 
ptìtltfjn^iùlùOV ó1 pd ia tie- pautìi^ 1 ol rdiable- e-^perimenlal 
modda tialreoapiturale-all leatu-e-a ol ine- hunan diae-aae-. The- 
dedvaiion ol PD palent-apedllc hiPSCaandadMequenldiflef 4 - 
entiaion into doparnriefgid neurona wtìuld proside- pafent- 
apedrlid in silxo modda Inai are- othertuse- e^perlrnentaly noi 
acdeaaiHe-. 
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From Stem Cells to Neurons Lost in Alzheimer's 

Scientists crack code to create neurons whose early death causes memory loss 

By Maria Paul 



Stem Cells to Neurons 

Scientists create neurons whose early 
death causes memory loss 

QUOTE 

If this isn't more motivation for 

people to maintain some degree 

of[ —- . 

n 

Àthersys 



CHICAGO — Northwestern Medicine researchers for the first time have transformed a human embryonic stem celi into a criticai 
type of neuron that dies early in Alzheimer's disease and is a major cause of memory loss. 

This new abilityto reprogram stem cells and grow a limitless supply of the human neurons will enable a rapid wave of drug 
testing for Alzheimer's disease. allow researchers to study why the neurons die and could potentially lead to transplanting the 
new neurons into people with Alzheimer's. 

The paper will be published March 4 in the journal Stem Cells. 

These criticai neurons. called basai forebrain cholinergic neurons, help the hippocampus retrieve memories in the brain. In 
eariy Alzheimer's, the abilityto retrieve memories is lost. notthe memories themselves. There is a relatively small population ol 



JHU team creates stem cells from schizophrenia 
patients 

t!h Mi piace E Piace a 2 persone. Registrazione per vedere cosa piace ai tuoi amici. 
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Àthersys Announces Initiation of Patient Enrolhnent for Phase fi Clinical Trial in 
Infiamma tory Bow&l Disease 

Àthersys and Pfizer Collaborate on Proprietari Stem Celi Therapy far Ulcerative Colitis 
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March 21, 2011 

By Mar/alice Yakutchik 
Johns Hopkins Medicine 

Filed under Arcund Hopkins 

Using skin cells from aduli siblings with schizophrenia and a genetic mutarion linked to major mental 
ìllnesses, Johns Hopkins researchers have created induced plunpotent stem cells using a new and 
improved "clean" technique. 

Reporting online Feb. 22 in Moiecuiar Psychiairy._ the team confirms the establishment of two new lines 
5 cells with mutations in the gene named Disrupted In Schizophrenia 1. or DISC1. They made the 
jsing a nomiral "epiosomal vector that jump-starts the reprogramming machinery of cells without 
ying their originai genette coment with foreign DNA from a virus. 

tem cells from these two new lines, the scientists sa\\ can be coaxed to become brain cells such 
irons. Because they have the DISC1 mutation : they stand to play an important role in the 
ning of drugs for treatments of major mental illnesses such as schizophrenia, bipolar disorder and 
depression : as weE as provide clues about the causes of these diseases. 

t people think of stem cells only as potential transpiant therapy to replace damaged cells or tissue, 
ir psychiatric diseases, which have proven a challenge to scientific understanding just as a sheer 
:hallenges a ciimber, these cells provide a toehold : :: said Russell L. Margolis : a professor of 
liatry and neurologi - and director of the Johns Hopkins Schizophrenia Program. "Nature put in 
i few little grab holds r and now we are generating our own so we can scale the cliff of mental 
; faster." 



CLEVELAND. March 14. 201 1 ^GLOBE NEWSWiRE'j ~ AthersyE. Inc. (N<asdaq:ATHX) announced Soday the inmation of patien: 
enrallmeni, and dosing of ihe lira* patient nor a Phase II clinical tnal evaluatmg tfie safety and efficacy of administration rJf 

MuhiS-.err* Àthersys' allogene.» celi therapy prod uct for the trea-jnent of u Arative colitis (UC). This Phase II clinicaf Inai is pari 
of a strateg ic global collabo rati on between A-hersys and Pfizer Ine (NYGE:^FE) *o i nvestigate MuftiStem for the treatroerrl of 
in^atrTrmatcfy bowel disease [\BD). 

The Fhase II study is a randomized, double-blind, pi a cebo- cantarli ed, multi- ce n: e r Etudy destgned to investigate the s-arety and 
e^cacy a - ? MultiStem in subjects wfth moderate to severe LiC. The trial will be conducied at multiple clinica! sites in fiorth 
America and Europe, and is ejtpected to include up to approsàmately 125 patients. Indhriduals parici paving in the study will 
rece i ve multiple doses of either Multi S:err or placebo, administered over a peri ed of severai weefcs. Primary saFety and efficacy 
endpoints will include endoscopie evaJuaticn at base'ine and at eight weeks, with a fallow-up of ali patients through twe+ve 

Atout MuttiSiem 



MultiSSem is a patented and p rapii età ry produci, candidate that can be manu^actured on a large scale, subsequenily ^rossn and 
later thawed and adrrdnistered, similartc tradidonal bio'ogics. MuhiSten - - cc-nsists of a clinical grade prepara:ion of non- 
errbryookì stem cells obtained fram bone marrow tha r , have the potential Da produce a range of factors and form multiple celi 
types. MultiSlem appears Da work throug h several rr-echanisrns, bui a primary mechanism appears :c be the production of 
therapeutic proteins and other mdecules produced in response to inflammation and 'Jssue dama-ge. Àthersys believes thal 
Multi Stem may represent a unique ""cff-^he-sheir stem celi produci based on rcs apparent ability to be used *idiou- tissue 
rnatching or imrnunosuppressEin and its capacity for large scale production. 
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Nuclear reprogramming to a pluripotent 
state by three approaches 

Shinya Yamanaka u f*Helen M. Blau 3 

The stable states of differentiated cellsare now known to be controlied by dynamic mechanismsthat can 
easily be perturbed. An adult celi can theref ore be reprogrammed,alterirtg its pattern of gene expression, 
and dente its fate, tothat typical of anothercell type. This has been shown by three disti net experi ment al 
approaches to nuclear reprogramming: nuclear transfer, celi fusion and franse ri ption-factortransduction. 
Usingthese approaches^ nuclei from termi nally differentiated' somatic cellscan be inducedto express genes 
that are typical of embryonic stem cells r which can differentiateto forni ali of the celltypes in the body. This 
remarkablediscovery of ceJlular plasticity has important medicai applicati ions. 



nature 



International weekly journal of sciente 



Searchl 



numal home > Archi uè > Editor's Sunnnnary 



lournal content 



Journal home 



Editor's Summary 



Advance online 
publication 

Current issue 

Nature News 



Archive 



Supplements 
Web focuses 
Podcasts 
Videos 

News Specials 



3 September 2009 



Mice from iPS cells 



Sirice iPS (induced pluripotent sterri) cells arrived on the scene in 2006, their 
properties have been rneasured against the yardstick of the true embryonic 
sterri cells that they rnirnic. A clutch of recent papers, two of thern published in 
this issue, reports the production of viable adult rnice frorn iPS cells, a notable 
technical feat that shows that these cells are very dose indeed to embryonic 
cells in their potential to produce cells for ali tissues and ali organs. Zhao et ai, 
used a technique called tetraploid cornplernentation, in which chirnaeric rnice are 
generated frorn injected pluripotent cells, and the embryonic tissue is derived 
solely from the injected cells. Boland et ai, produced fertile adult mice derived 
entirely from iPS cells generated by inducible genetic reprogramming of mouse 
embryonic fibroblasts. The availability of these mice will provide a new resource 
for the study of iPS cell-derived tissues for both research and celi replacement 
therapy applications. 
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Adult mice generateci from induced pluripotent sterri 
cells 

Michael J. Boland 1 *, Jennifer L Hazen 1 *, Kristopher L Nazor ] * r Alberto R. Rodriguez 2 , Wesley Gifford 3 , 
Greg Martin 2 , Sergey Kupriyanov" & Kristin K. Baldwin 1 



Rcecnt landmark experi me ni s li uve shown ih al tran sieri l over- 
expression of a s imi II n uni ber of Iranscriplion faci or* can re- 
program diffcrcnlialcd cells in tv induced pluripotent slem (iPS) 
eelLs tildi resenible enib] yonk slem (LS) cells 1 " 7 . These iPS cells 
hold greal promise fur medicine because ihey bave the polenti al 
lo generate patienl-specific celi lypes for ll l II rcplaccrnenl iherapy 
and produce in vitrv models of disease, wilhuul requiring e mb ir- 
onie lissues oro ocytes*"" 1 fl . A I ih uugh currenl i PS celi lines resemhle 
cells, ihey bave noi pass ed ih e m osi sur insceni lesi of pJuripolcncy 
by gene rating hilL-lerm or aduli mice in lelraploid coni pieni en la - 
lion assays" 1,31 , raising quesliuns as tu whelher they are suificiendy 
polenl tu generate ali ol the celi lypes in an orga ninni. Whelher ibis 
differcncc berween ] PS and LS cells reflecls inlrinsic limilalions of 
direct reprogramming Ls noi known. llere we reporl fertile aduli 
mi lc derived enlirely from iPS cells ih al we general ed by inducili le 
genel Le reprogram m ing of mous e em hryon ic fib rob I asl s. Produci n g 
aduli mice derived enlirely from a reprogram med fibrohlasl shows 
ih al ali fea Iure s ofa differenti a led celi can be restored lo an embry- 
oniclevel of pluripolency wilhoul exp usure lo unknown ooplasmic 
factors. Comparing ih esc mlly pimi polenl iPS celi lines tu less 
dcvclopmcnlally polenl lines may reveal molecular markers ol 
dilferenl pi uri polenl sta Lev, Furi hcrm ore, mice derived enlirely 
from iPS cells "HI provide a new resource lo assess the funclional 
and genomi e slahilily ol cells and lissues derived from iPS cells 
uhi eh is Importa ni lo va Li da le their utility in celi replacemenl 
iherapy and research application*. 



marking slrategy lo dislinguish belween host bkstoeysl and i Po- 
deri v ed cefli. We cstablished mouse embryonie fibroblasl s (MEFs) 
from ani mais general ed by a cross of two mouse lines ( Pcdì&Hilrv 
and Z/EG, Fig. la). TheZ/EG tran sgene labels mesi ceDs in an animai 
wilh a visible marker (fi-geo, a fusion of the (3-galactosidasc and 
neomycin genes) 37 , whereas the Pcdh21fCte modificalion resulta in 
Cre expresskm in rare n coronai subtypes 3 bui noi in ES cells 3 \ Cre 
expression causes excision ol the floxed fi-geo gene,, resullingin green 
fluorescenl protei n (CFP) expression in ol facto rybulb mitrai cells, a 
fealure we exploit later (Fig. laj. 

We reasonedthai ihe i n appropria le ex pression of reprogram min g 
genes during devetopmcnl could in rubi t embryonie and poslnalal 
development Thcrefore, we design ed a drug-inducible lenti virai 
reprogram m in g strai egy lo achieve tight control of transgene expres- 
siod in Ì.P55 cell$ and their derivative.* (Fig. Ih) 35 . The four originai 
reprogram m ing faclors (Qct4 (also known as Pou5fì)^ &a?c2 7 Kìf4 and 
c-Myc) were placed under control of the tetO promoter, vdiich is 
aclivated by ih e re verse leuacydine iransaclivaLor (rllÀ) p rotei n in 
ihe presence oflhe l elr acy c[i ne a nal ogue doxy cycli ne ( dox). We used 
an enhanLed \ ersion of the rtl A transcriplional a eli valor protein 
(rtTAM2J) ihat induces higher gene ex pressi on levels than the 
rt"FAM2 prolein^.To pmrnoLc complete reprogram mi ngand lo faefl- 
ital e isolai ion of Tuf ly reprogram med i PS cells we e?q>osed MEFs lo ihe 
histone deacetylase inhibilor vulproic acid (VPÀ), whi-ch has been 
reptirted lo enhance reprogramming effit;ienq , and lo selecl agains't 
incomplelely reprogrammed cells by inhibiling cdl di vision 23 ^" (see 
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There \vill be blood 



Direct conversion of celi types could offer safer, simpler 
treatments than stem cells. 

Ewen Calla viay 

In a feat of cellular alchemy, human skin cells have been transformed 
into blood cells without first being sent through a primordiale stem- 
cell-like state. For the developers of patient-specific celi therapies, 
the result could be safer and simpler than induced pluripotent stem 
(iPS) cells — reprogrammed adult cells that can differentiate into 
many celi types. 

Published in Nature^, the study follows work earlier this year showing 
that fibroblast cells from mouse skin can be transformed into 

neurons- and heart muscle-. However, it is the first study to 
accomplish direct reprogramming with human cells, and the first to 
create progenitor cells — in this case for blood. "It takes us a step 
along the line to believing that you can produce anything from almost 
anything," says Ian Wilmut, director of the Medicai Research Council 
Centre for Regenerative Medicine in Edinburgh, UK, who was not 
involved in the study. 

Mickie Bhatia, a stem-cell researcher at McMaster University in 
Hamilton, Canada, and his colleagues infected skin cells with a virus 
that inserted the OCT4 gene, then they grew the cells in a soup of 
immune- system stimulating proteins called cytokines. The gene's 
product, the 0CT4 protein, is one of a handful of factors used to 
transform fibroblasts into iPS cells, but Bhatia's team found no 
evidence that the blood progenitor cells they made went through an 
embryonic state. For instance, the cells did not cause mice to 
develop teratomas — tumours that are characteristic of pluripotent 
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Direct conversion of human fibroblasts to 
multilineage blood progenitors 

Etta ^xabo\ .Stiranti Rimpalli 1 , K u eh M . KtHutrra* 1 , At^i:Uc(U4ì fc Schnereh M P tiyan MiEL-hcLl 1,2 , AlDnc Fteb^f- tbmyti 1 , 
Ma rthrci e LevaduLix.- Martin & Mie kit" BEiatia 1 ^ 



Ai & file cane kìr eiribryo-derived ±aem eelli, appBcalktn of rt'pnnj iLnimed human Lndueed pLurLpoEt'nE hEem L'eLU Lh 
limiled by our undtiraEandinj4 irf lineai^.' ifpeofkatHKi. Here We demor.Etrj[e the abLlrly Eo generate proj«en ÈEora and 
maEure eeUi of the haemaEopoLeELL EjEe ttix-L^LC L% tiniìì Li unum dermal EÌhrobLahE.h ivleIiouE u*i E abLLh tiLni uj. pLurrpoEeney^ 
Eelopit eApresiion uf OCT4 (abo t'aitaci KOLIaTl) -acthraied liaemaEiipoieTLL: LramerLpELOLi Ea Hors r EogeElier wÌLh 
s peti 6 l L \E"^ki[]f treatm en E . aLlouLil L*enerj[Lou ul teLL-h e.\ pre*i un l* Elie pan ttnikoe vie marke r Ll>"l5. Tfìesie unk|ue 
ElbrobLarf {Ieri t ed telih ]*ave rc*ie Eo i^ranu U h.a Lbt. moriotyiic> itiejjjak aryoeytie and er% E tir-LticI Linea^es, and 
demontf rated in vrvo entrari meni eapjeiEy. \\v [itile Elia E aduLE haemaEopoLt-ELe putirà ns are aetli uted. l i imi sEl-liE 
\\ lE ti IjypasiiriL; the pLurrpoEen E ita Ee to ^nerette bloud Cale ttiLs hi LÌi*iELntE EriKn h Jt^iiaEiJ-poLe.-iLh Luvohing pLuri"poten[ 
.hEem fflib. iv bere embrvonie pn^rjuEi are ae E iva E ed. 1 rie se E LcidLcij^i demoni tra Ee cent oratimi ut mnlEipoEeney fmm 
human [LL>robLa*it?i. indi hui'et-vE in alEernatiie approath m eeitukir rep rog ramni Lng tur juEoLol»Olìs eeH^repÉaeemenE 
theiapLesi thaE aioldh eonipltaatlons ahMJoaEed wìiU [he me ol* human pLuripoEeuE .meni telib. 



Mechanisos that gwern induce d plmipo tcnt 5-toii celi hF50 repro- 
bi jyi min y, r mrn human fibroblais remain poorly midcrctood 1 . The 
proecss Ls lairthcr complicatcd by ed lu la r intcrnicdiatcs chat tali to 
- L: ! -I l- lì a s-cable pi unporcn t state, pnrcntially due to the ì nahiJ ity to 
e ste bJ Lsb t he idcdcxpresàon coniext ot rep rogram iììJ ne tactoiù to com- 
plete pbnpotcncy kiduction^" 1 . Thcse Lnte maed fcates ccrfxpress gtne = 
assodated w itti scv£r-al ditterai EJ otod lincagcs I n curons. e pidc nn is -and 
niesodcrnì^ 42 , raising the possibili Ey that under uniqne oondidons, 
ril.ii .ìblai-Ei : nd i Li- niJu.-J r i Jur.i . nn.iE. i ■>..ji- - p ■. .i rL j Liì_-j±-. 
This. mayte alcin to recent dcniun ara Eie ns wl^re tfc ro blasU wnre con - 
verte d Lnto E-ixig^ eeJJ Eypes, sneh a neuron&, ùaidbniyocytes and 
nvacrtiph^e-EJa: ccll^" - . WbiLe thesc ^tudieshaie esani i ned rìbrobkfl 
eonTX&ion in Ebe murine model, a tLnìilar prives^, reruains to.be e stira - 
polated. towarda human appi ioations. 

Our preumlnary observatioriì indicate d tbat human de rmal Eihm- 
blasts ( F hs,} predam i n an Ely eipressing OCT4 during the pi uripo Eent 
repre^rainming protesa express Imeage ditterenttition markers tbat 
Lndude the human pan-baematopoieUt marker CD-1S. While both 
QQ] :.d-,. :^U-j i .jiJ i'MH I uh. :JL- J " : ì l\_E- 1 i In,.] 

si niilar DNA target motift to OCT4 {rei. 91, and play a role io. 



CEM^""" ee-Us p^ele^enrjaJh■ esrpress OCT-3 while demonjlating Jow 
\ii*xk ot SOjÒ. and NANOG iSuppLnienrary FLg. 2d, ej. This tu^- 
g£ a ed tbat Fib-de rived in re nvied iates eoukJ aeq uire a d \A inet J ine age 
p ben ntype . 

On the basisot thesc resurts, wc oompancd the rote ot OC7T4 dunng 
colo ny emergence rrom twn aou te ;-s ;i\ F rbs {à duJt denvu l and neon arai 
foieddn) with tbat ot NANOG or 5032 alone [Fig. la). Tranfcduced 
versus untransdueed Fibs^-ere cxambed betwven 14 and. 21 days post- 
transductinn IDI^DH ; Supplcirkuitarv Fi^. 3). UnLLke untransónecd 
Ffci, or Fistransduccd witti ( Fi bs 1 ™*) orN ANOC ( Fibi XANOC; ), 
Flos- es.prcsi.ing QCT4 ^FÙ> OCT4 ) gave rise to colonics lF^. La, 
Supplementary F ig. 3b ) and esbi bited CKTT4 esp re sskjn at levels limila r 
to tbose detectEd inestahlisbed i PSG {F^. 1 bj. Fi bi 0<Tr4 exd usivdygave 
rise to hflematopoietic-like C045" 1 " cells [Fig Lei. FurthermiirA 
CtMS^ cells tCD4S" l "Fihs ÙCT4 ) shov*-ed an increasc in OCT4 eeprcs- 
tion ISupp Le mentary Fig. le ) with a concom itai.it decrease in the tìbro- 
bbst spccirìc gene espressinn 11 [Fig. id X Approximately L.ftftiJ gencs 
were é-cfwn irgulated a nd an cq ual n luti ber u preguk ted at D4, resulting 
inasbift towards the FibCEMS^ p ben ntype fisu ppk mcntary Table Ij 
To ebaracte o.^ e-and enbance e-OKrgence-ot' CD45 + Fibs,we uscd Fili 
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Direct conversion of fibroblasts to 
functional neurons by defined factors 

Thomas Vierbuchen ] ~ r Austin Ostermeier 1 h2 P ZhipingP. Pang 3 , Yuko Kokubu\ Thomas C Sùdhof 3,4 & Ma rius Wernig 3 * 2 

Cellular differentiation and lineage commitment are considercd to bc robust and irreversible processes during develo pmcnt. 
Recent work has shown that mouse and human fibroblasts can be repro^rammed to a pluripo tent state with a combination of 
four transcription factors. This raised thequestion of whether transcription factors could directly induce other defined 
somatic celi fates, and not only an undifferentiated state. We hypothesized that combinatoria! expression of 
ncural-linea^e-specific transcription factors could dircctly convert fibroblasts into neurons. Startingfrom a pool of nineteen 
candidate ^enes r we identified a combination of only three factors r Ascfl T Bni2 (also càlled Poii3f2) and Mytlt T that suffice to 
rapidly and efficiently convert mouse embryonic and postnatal fibroblasts into functional neurons in vitro. These induced 
neuronal (iN) cells express multiple neuron-specific protcins r generate action potentials and form functional synapses. 
Generation of iN cells from non-neural lineages could bave important implications for studies of neural development r 
neurologica! disease modelline and regenerative medicine. 
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REGENERAT1VE MEDICINE 

Celi re program mi nggets direct 

Cory R. Nicholas and Arnold R. Kriegsteìn 

In a featof bìologìcal wizardry r onetype of differentiatedcell has been 
directlyconverted intoanother, completely distinct ty pe. Notably, the 
appraachdoes not requirea stern-cell intermediate stage. 
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RfuiÉ 1 ; Indlrert imd di r*rt rdtite* De celi- IhneRge PEpregrinmiing, Ih e ind Lnect rotttes i rrcolve 
fepra^rìiiiiJiurigxif avartety uf aduLtce]L Lypcsfmm diffhent Linea^es riproduce ade-diffemitLated 
erubry<inLc stero (ES) ceJL stata» Jndmct rautea (dotted ™) uidu.de Mcnatic-ccU ouclear transfer 
(SCHTj crceJJfu.sjùn,oro^atìcin af induced più ripotent stem (EPS) cclls bytbe ijitreductionof^neB 
luriiasOrfi But rJiede-dLfiexeritiatedcelLs rauat tbenbera-diBferentiated to aduliceli typesaJùog 
the respective mesoderma!.. md^errnaLorectodernial lijieagcs \VrbucJieiiff al. 1 dejuejistratetbat 
a direct route can be takKin (blue aiTowì: by jjidud Uincafi^s pec ific tranEcriptusji factoTS encodcd 
by gene* inclu dLng A*d J , Arci J and Mytl L they that fi bmblasta caia be dLrectly cenverted into 
distintly related corlicaJ E»ritat<]ry nemoos. This is ari advance over tbe intra-JuieagÉCcaversLrin 
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Intia-JLnea^ convemon studLes nùt sh&vtn Include fibrobJart to macnspha^oond fibrobla&tto muse Le 
ceU by Pili and MyoBj refpectireJy. 
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Cellule staminali: breve cronistoria 



-1961: "scopertele cs emopoietiche (ematologi) 
-1981: isolate cse (ES) di topo 

-1986: gene targeting su cellule ES (topi KO) (vd Nobel 2007 M.Capecchi) 
-1998: prime linee cellulari di cse umane (hESC) (Thomson) 

-1998: identificate cs nel cervello umano 

-2006: iPS (induced pluripotent stem cells) nel topo 
-2007: iPS nell'uomo (vettori virali) 

-2008: Science: "Reprogramming Cells" Breakthrough of the year 
-2009: "virus-free" iPS cells nell'uomo 
-2010: riprogrammazione diretta 
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-2008: Science: "Reprogramming Cells" Breakthrough of the year 



-2009: "virus-free" iPS cells nell'uomo 



2010: conversione diretta di cellule somatiche 



hlìottca delta fenitt 



rmando Massarenti 

TAMINALIA 



e cellule «etiche» e i nemici della ricerca 



j^mmissioni che finanziano i propri mem- 
bri, biocticisti che sognano la -morale unì- 
L; ' k - politiche delta ricerca dettate dal Vati- 
cana Snmùnalia raccontai la storia di come 
un dibattito filosofico, morale c scientifico 
BWfc impostato abbia finito per determi- 
nare a valanga scelte sbagliale, irrazionali, 
dannose. Questo accade in Italia, ma il li- 
bro è anche un resoconto appassionato e 
puntuale di un intero ambito cruciale ed 
entusiasmante dulia ricerca* da cui è lecito 
aspettarsi la rivoluzione medica del xxi se- 
colo e che proprio per questo ha scatenato 
ovunque rivalità e lotte di potere basate su 
false contrapposizioni: come quella tra la 
ricerca sulle staminali embrionali. conside- 
rata inutile oltre che immorale da Bush e 
dal Valicano, e le staminali adulte, cellule 
«eliche» che farebbero «miracoli*. Pecca- 
to che il miracotsMno m medicina si riveli 
sempre crudele verso i pazienti, che spe- 
ranzosi si fanno curare prima che la ricer- 
ca abbia fatto i passi necessari. Così in no- 
me della «sacralità dell'embrione*, fonda- 
ta su tesi filosofiche fragilissime, si sono 
moltiplicate le sofferenze umane nel mon- 
do e ci si è inventati persino una «via ita- 
liana per la ricerca sulle staminali" (che 
avrebbe caratteristiche di superiore eticità 
perché concentrata solo sulle staminali 
adulte e non su quelle embrionali derivale 
dalla blastocisti, da alcuni considerala per- 
sona). Un caso esemplare di come non sì 
deve, e non si può. condurre la ricerca 
scientifica in un paese moderno. Una vi- 
cenda che ci ha esposto al ludibrio della 
comunità internazionale, con articoli su 
-Nature*» e su «Science» ovviamente igno- 
rati in patria. Un pa*** non si P uò fa 
altro cne allargare le braccia e affermare: 
«Che ci vuole fare, stamin(it)alìa*. 



I ' 'miracoli" delle 
cs adulte e la 
demonizzazione 
delle cs embrionali. 
Un saggio filosofico- 
scientifico che smaschera 
i falsi argomenti contro 
la libertà 
di ricerca e che 
racconta 

la sperimentazione oggi 

più promettente 

in campo biomedico 
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